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Abstract
BACKGROUND 
Diabetic cardiomyopathy is considered as a chronic complication of diabetes 
mellitus (DM). Therefore, early detection of left ventricular systolic function 
(LVSF) damage in DM is essential.

AIM 
To explore the use of the three-dimensional speckle tracking technique (3D-STI) 
for measuring LVSF in DM patients via meta-analysis.

METHODS 
The electronic databases were retrieved from the initial accessible time to 29 April 
2023. The current study involved 9 studies, including 970 subjects. We carried out 
this meta-analysis to estimate myocardial function in DM compared with controls 
according to myocardial strain attained by 3D-STI.

RESULTS 
Night articles including 970 subjects were included. No significant difference was 
detected in the left ventricular ejection fraction between the control and the 
diabetic group (P > 0.05), while differences in global longitudinal strain, global 
circumferential strain, global radial strain, and global area strain were markedly 
different between the controls and DM patients (all P < 0.05).

CONCLUSION 
The 3D-STI could be applied to accurately measure early LVSF damage in patients 
with DM.
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Core Tip: In this study, we found that three-dimensional speckle tracking technique (3D-STI) could precisely assess early left 
ventricular systolic dysfunction in diabetes mellitus (DM). Our meta-analysis indicated that global longitudinal strain (GLS), 
global radial strain, global circumferential strain, and global area strain (GAS) in DMs were lower than controls, suggesting 
that the left ventricular systolic function in DMs was impaired compared with controls. Among them, the decrease of GLS 
and GAS was more obvious, which may be since the left ventricular wall is composed of three layers of myocardial fibers. 
The assessment of left ventricular strain in DM patients through 3D-STI might estimate the damage of left ventricular 
systolic function in DM in the early stage.
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INTRODUCTION
Diabetes mellitus (DM) is a common disease in China. Long-term poor blood glucose control can cause multisystem 
damage and a series of chronic complications[1]. Diabetic cardiomyopathy (DCM) is a chronic complication and is a 
serious cause of poor prognosis in individuals with DM[2]. Additionally, numerous reports have suggested that DM 
could elevate the occurrence of cardiac disorders, hypertension, and other illnesses and could worsen coronary artery 
illness[3]. Therefore, early detection of left ventricular systolic function (LVSF) damage in DM patients is essential.

Currently, the routine clinical factor for assessing cardiac function is left ventricular ejection fraction (LVEF). However, 
LVEF is strongly affected by subjectivity, and several publications have exposed that LVEF could not indicate the severity 
of LVSF in patients with earlier DM. Moreover, it is impossible to effectively predict patients with segmental wall motion 
abnormalities and ejection fraction retention by LVEF. Therefore, evaluating left ventricular myocardial function is highly 
important for the diagnosis, treatment, and prognosis of heart disease. The 3D-STI is an innovative approach for 
evaluating cardiac motor function. It tracks myocardial motion from three-dimensional space through detecting 
myocardial echo speckle signals, which breaks through the limitation of the two-dimensional plane of 2D-STI and can 
evaluate cardiac function more accurately.

The 3D-STI is of great value in the assessment of primary or secondary LVSF. However, the ability of the 3D-STI to 
evaluate the outcome of left ventricular myocardial contractile function (LVMCF) in DM remains uncertain, and 
additional reports are needed. The purpose of the current analysis was to examine the ability of the 3D-STI to early 
predict LVSF damage in DM via meta-analysis.

MATERIALS AND METHODS
Screening of articles
The meta-analysis was registered (202390079) in INPLASY and followed the preferred reporting criteria of PRISMA 2020. 
A comprehensive exploration of studies on 3D-STI assessment in DM patients was conducted based on the PRISMA 2020 
recommendations. Through the PubMed, Embase, Scopus, and Cochrane Library databases, studies on 3D-STI 
assessment in DM patients were retrieved from the initial obtainable time to 29 April 2023. The exploration strategy was 
employed based on the following terms: (1) “Three-dimensional speckle tracking”, “3D-speckle tracking”, “3D-STI”, or 
“STE”; (2) “Diabetes mellitus” or “DM”; and (3) “left ventricular” or “LV”. The current study conducted a meta-analysis.

Data extraction and quality evaluation
Full-text articles that included the main factors were eligible for inclusion in this study. The main factors were as follows: 
(1) Had a randomized controlled trial and cohort study; (2) had an article comparing LVMCF parameters between the 
DM group and control group; (3) had no history of cardiovascular syndromes; (4) had a diagnostic approach of 3D-STI; 
and (5) had at least one notable result, including global longitudinal strain (GLS), global circumferential strain (GCS), 
global radial strain (GRS), and global area strain (GAS).

Repeated documents and publications that did not supply original descriptions of interest, such as case reports, 
meeting essays, reviews, fundamental studies, and nonrelevant publications, were eliminated. Two researchers 
individually assessed the selected articles followed the selection criteria. Divergences between researchers were resolved 
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Figure 1 Study selection procedure.

by an agreement obtained from the assist of a third author.
The quality of the publications was considered with the New-Ottawa Scale and evaluated based on the following 

features: The comparison of the case and control groups, and the estimation of the consequences. The quality of the 
chosen studies was estimated individually by two investigators, and the incongruity was determined by discussion.

Risk of bias evaluation and sensitivity analysis
Publication bias was estimated through Egger’s test for the included articles. The random effects approach was used to 
minimize the variability among the included publications. The stability of the strains was measured through sensitivity 
analysis by eliminating one by one from the article.

Statistical analysis
The weighted mean difference and 95% confidence interval (95%CI) were employed to depict the statistical consequences 
of continuous variables. Heterogeneity was measured through RevMan 5.3 software and the I2 test. An I2 < 25% indicated 
low heterogeneity, while a value > 50% implied high heterogeneity. The random-effects model was employed and 
checked with the fixed-effects model. Sensitivity analyses were carried out through the leave-one-out method. A 
difference was statistically significant at P < 0.05.

RESULTS
Study searching and selection
Two hundred and eighty-six articles were obtained from the above databases using a retrieval strategy. Sixty duplicated 
studies were excluded. Moreover, studies without suitable information, including meeting articles (123), reviews (27), 
fundamental studies (2), case reports (18), and nonrelational studies (28), were disqualified. After the full texts were read, 
19 studies were rejected due to lack of statistics. Ultimately, the remaining 9 articles were involved. The article collection 
process is exhibited in Figure 1 and Table 1.

Comparison of the LVMCF based on LVEF
In total, 7 articles compared the LVEF measured by 3D-STI between the DMs and controls. The findings showed that the 
difference in LVEF between DMs and healthy controls was not statistically significant (MD: -1.85, 95%CI: -2.48 to -1.22, P 
= 0.46; I2 = 0%; Figure 2).

Comparison of the LVMCF based on GLS
Furthermore, all 9 included studies reported GLS in DM patients and healthy controls. The results demonstrated that the 
LVGLS (MD: 1.41, 95%CI: 1.11 to 1.71, P = 0.000; I2 = 94%; Figure 3) was appreciably lower in the DMs than in the 
controls.

Comparison of LVMCF based on GCS
There were 9 articles recording the GCS score in patients with DM and controls. The results demonstrated that the 
LVGCS (MD: 0.02, 95%CI: -0.36 to 0.39, P = 0.000; I2 = 92%; Figure 4) was markedly lower in the DMs than in the controls.
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Table 1 General data and quality evaluation of the included studies

Ref. Country Instrument Groups Number Gender 
(male/female, n) Age (yr) 3D-STI parameters 

and LVEF
NOS 
score

Tadic et al[4], 2015 Serbia GE Vivid E7 DM 50 26/24 52.00 ± 
8.00

GLS, GCS, GRS, GAS, 
LVEF

8

NC 50 24/26 50.00 ± 
7.00

Wang et al[5], 2015 China GE Vivid E9 DM 46 24/22 63.10 ± 
9.80

GLS, GCS, GRS, GAS, 
LVEF

7

NC 40 21/19 65.50 ± 
5.90

Zhang et al[6], 2013 China GE Vivid E9 DM-a1 31 15/16 61.00 ± 
9.00

GLS, GCS, GRS, GAS, 
LVEF

8

DM-b1 37 21/16 60.00 ± 
10.00

NC 63 30/33 58.00 ± 
10.00

Enomoto et al[7], 
2016

Japan Aplio-ArtidaTM DM 77 53/24 56.00 ± 
15.00

GLS, GRS, GCS, LVEF 7

NC 35 18/17 52.00 ± 
16.00

Wang et al[8], 2015 China GE Vivid E9 DM-a2 36 18/18 64.40 ± 
7.90

GLS, GRS, GCS, GAS 8

DM-b2 41 21/20 65.70 ± 
9.00

DM-c2 46 22/24 63.10 ± 
9.80

NC 36 18/18 66.80 ± 
8.40

Yang et al[9], 2021 China GE Vivid E9 DM-a3 28 19/9 51.42  ± 
8.94

GLS, GRS, GCS, LVEF 8

DM-b3 19 13/6 52.16  ± 
9.22

NC 27 18/9 49.93  ± 
8.28

Conte et al[10], 2013 Italy GE Vivid E7 DM-a4 44 23/21 60.90 ± 
6.60

GLS, GRS, GCS, GAS 7

DM-b4 27 17/10 56.20 ± 
7.80

NC 24 13/11 58.40 ± 
9.40

Abomandour et al
[11], 2022

Egypt Vivid E2013 DM-a5 31 17/14 32.94 ± 
5.56

GLS, GRS, GCS, LVEF 7

DM-b5 31 18/13 28.74 ± 
9.35

NC 31 11/20 30.32 ± 
9.53

Wang et al[12], 2022 China GE Vivid E9 DM-a6 40 21/19 64.40 ± 
7.90

GLS, GRS, GCS, GAS, 
LVEF

8

DM-b6 40 21/19 60.80 ± 
8.10

NC 40 20/20 61.90 ± 
6.90

1Diabetes was divided into two subcategories based on a hemoglobin A1c (HbA1c) < 7.0% and an HbA1c ≥ 7.0%.
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2Diabetes was divided into two subcategories based on an HbA1c < 6.5% and an HbA1C ≥ 6.5%.
3Diabetes was divided into two subcategories based on the presence or absence of microvascular complications.
4Diabetes status was divided into two subcategories based on body mass index (BMI) < 30 kg/m2 and BMI ≥ 30 kg/m2.
5Diabetes status was divided into two subcategories: Obese and nonobese.
6Diabetes was divided into two subcategories based on the presence or absence of nonalcoholic fatty liver.
DM: Diabetes mellitus; 3D-STI: Three-dimensional speckle tracking technique; GLS: Global longitudinal strain; LEVF: Left ventricular ejection fraction; 
GCS: Global area strain; GAS: Global area strain; GRS: Global radial strain; NOS: New-Ottawa Scale.

Figure 2 Forest plot showing the comparison of the left ventricular myocardial contractile function between diabetes mellitus and 
controls based on left ventricular ejection fraction. 95%CI: 95% confidence interval.

Figure 3 Forest plot showing the comparison of the left ventricular myocardial contractile function between diabetes mellitus and 
controls based on global longitudinal strain. 95%CI: 95% confidence interval.

Comparison of LVMCF based on GRS
All 9 included studies reported GRSs in DM patients and healthy controls. The results demonstrated that the LVGRS 
(MD: -1.61, 95%CI: -2.33 to -0.89, P = 0.000; I2 = 88%; Figure 5) was markedly impaired in the DMs compared with the 
controls.

Comparison of LVMCF based on GAS
In total, 6 articles compared the GASs measured by 3D-STI between the DM and the control group. The results exposed 
that GAS was markedly impaired in DMs compared with controls (MD: 0.14, 95%CI: -0.33 to 0.61, P = 0.000; I2 = 90%; 
Figure 6).
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Figure 4 Forest plot comparing the left ventricular myocardial contractile function between diabetes mellitus and controls based on the 
global circumferential strain score. 95%CI: 95% confidence interval.

Figure 5 Forest plot showing the comparison of left ventricular myocardial contractile function between diabetes mellitus and controls 
based on global radial strain. 95%CI: 95% confidence interval.

Risk of bias assessment and sensitivity analysis
Publication bias was evaluated through Egger’s test for the involved studies (Figure 7). We detected no publication bias 
in GLS (P = 0.286) or LVEF (P = 0.825). Moreover, there was publication bias for the GRS (P = 0.022), GCS (P = 0.032), and 
GAS (P = 0.041). The trim-and-fill approach was further employed to find the modified merged values for the GRS, GCS, 
and GAS. A sensitivity analysis was also carried out to evaluate the stability of the strains. None of the articles confirmed 
a marked influence on the merged value, implying that the involved publications exhibited worthy stability.

DISCUSSION
In the early stage of DCM, due to abnormal metabolism of subendothelial cardiomyocytes and more severe hypoxia, 
myocardial fibers are first affected[13]. When damaged, the strain parameter GLS reflects myocardial mechanics 
abnormalities[14]. However, due to the inconsistency of the duration of disease and the degree of blood glucose control in 
different patients, GLS and other left ventricular systolic strain parameters (GCS, GRS, and GAS) can decrease at the same 
time or successively[15]. Therefore, the application of appropriate and accurate diagnostic tools to detect and monitor 
myocardial injury is an important aspect of managing DCM patients.
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Figure 6 Forest plot showing the comparison of left ventricular myocardial contractile function between diabetes mellitus and controls 
based on global area strain. 95%CI: 95% confidence interval.

Figure 7 Risk of bias assessment for global longitudinal strain, left ventricular ejection fraction, global circumferential strain, global area 
strain, and global radial strain. A: Global longitudinal strain; B: Left ventricular ejection fraction; C: Global circumferential strain; D: Global area strain; E: Global 
radial strain. GLS: Global longitudinal strain; LEVF: Left ventricular ejection fraction; GCS: Global area strain; GAS: Global area strain; GRS: Global radial strain.

Conventional echocardiography is the most frequently used imaging approach for measuring and evaluating left 
ventricular function[16]. Evaluation of left ventricular function according to the LVEF has been widely used in the clinic
[17]. The use of strain imaging of the myocardium opens a new window for the study of myocardial mechanics. Strain 
measurement according to the myocardial mechanics of the left ventricle can quickly and effectively evaluate changes in 
myocardial contractility[18]. Speckle tracking imaging (STI) tracks myocardial tissue signals frame by frame through the 
principle of “block matching”, without significant displacement between adjacent frames, and can evaluate myocardial 
motion and quantify changes in cardiac function without angle dependence[19]. With the emergence of 2D-STI, the 
abovementioned left ventricular myocardial strain parameters can be measured quantitatively[20]. 3D-STI combines real-
time three-dimensional echocardiography and STI and can track myocardial tissue signals in three-dimensional space 
without the limitation of planes, which compensates for the deficiency of 2D-STI[21]. This is the first meta-analysis 
evaluating the clinical utility of the 3D-STI for assessing LVMCF in patients with DM.

The consensus is that the LVEF is the stroke volume after the standardized change in left ventricular volume. It is a 
frequently used parameter for the clinical assessment of LVSF. At present, magnetic resonance imaging is considered the 
gold standard for detecting LVSF[22]. The findings of this meta-analysis implied that there were anomalous alterations in 
left ventricular myocardial mechanics in DM patients without a significant decrease in LVEF. In addition, 3D-STI can 
yield parameters such as the GRS, GLS, GAS, GCS, and 3D-strain. Saeedi et al[23] reported that GLS, GRS, GCS and GAS 
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were decreased in DM compared with those in the control group. Baber et al[24] reported that there was no marked 
difference in GGS or GRS between DMs and controls, but the GLS and GAS were considerably lower than those in 
controls.

The consequences of our meta-analysis indicated that the GLS, GRS, GCS, and GAS in DMs were decreased compared 
with those in controls, suggesting that the LVSF in DMs was impaired compared with that in controls. The decreases in 
GLS and GAS were more obvious, possibly because the left ventricular wall is composed of three layers of myocardial 
fibers. The subepicardial myocardial fibers are arranged counterclockwise oblique in the direction of the left ventricular 
longitudinal axis, approximately circular in the middle layer of the ventricular wall, and clockwise in the longitudinal 
axis to the innermost layer, namely, the subendocardial layer. The diversity of myocardial fiber arrangement determines 
the complexity of left ventricular three-dimensional motion[25]. GLS represents the ability of the heart to move in the 
long axis direction and is caused by the contraction of longitudinal muscle fibers under the endocardium. These muscle 
fibers have the characteristics of strong contractility and high demand for oxygen, which may be the reason why longit-
udinal strain is more sensitive than that in other directions of the left ventricle during mild hypoperfusion of the 
subendocardial myocardium in the early stage of diabetes[26]. The GRS and GCS are mainly affected by the contractility 
of annular fibers in the middle layer of the myocardium. The GAS reflects the rate of change in the endocardial area from 
the initial area to the area after deformation; this metric is a strain index integrated with longitudinal and circumferential 
strain, is inversely proportional to the radial strain, and can be regarded as the composite of GLS and GRS[27]. As 
reported previously, the GAS has the best correlation with LVSF[28]. Wang et al[29] suggested that the GAS could offer a 
more precise basis for quantifying global and local myocardial function with good reproducibility. Chen et al[30] reported 
that there was a negative correlation between GAS and GLS and between GAS and hemoglobin A1c, among which GAS 
had the strongest correlation. Additionally, another study confirmed that the GAS can provide a more accurate basis and 
good reproducibility for quantifying global and local myocardial function[31].

The present meta-analysis has several limitations. Firstly, the studies included in this meta-analysis included diseases 
such as hypertension or obesity in DM patients and good or poor control of blood glucose levels in DM patients. 
Therefore, there might be selection bias. Second, only 8 articles were involved in this study, and the sample size was 
rather small, so the results might be affected. However, we strictly established the selection criteria for the articles and 
strictly evaluated the quality of the studies to improve the overall quality of the meta-analysis and the credibility of the 
results.

CONCLUSION
In conclusion, the 3D-STI might be used to precisely calculate early LVSF in patients with DM. The measurement of left 
ventricular strain in DM patients through 3D-STI could estimate the LVSF damage in patients with early diabetes.

ARTICLE HIGHLIGHTS
Research background
Diabetic cardiomyopathy is a chronic complication, which is a critical reason of poor prognosis and even death in patients 
with diabetes mellitus (DM). Additionally, numerous reports have implied that DM could raise the occurrence of heart 
disorder, hypertension, and other illnesses, and could worsen coronary artery illness. Therefore, early detection of left 
ventricular systolic function (LVSF) damage in DM, necessary treatment is especially essential. Three-dimensional speckle 
tracking technique (3D-STI) is of beneficial worth in the assessment of primary or secondary LVSF. However, the 3D-STI 
evaluating capability of left ventricular myocardial contractile function (LVMCF) in DM remains uncertain and further 
reports are needed.

Research motivation
To explore the application value of 3D-STI in assessing LVMCF in DM by meta-analysis.

Research objectives
To investigate the assessment of 3D-STI in estimating early left ventricular systolic dysfunction in DM by meta-analysis. 
3D-STI provides a feasible and accurate new technique for clinical measurement of LVSF in left ventricular caused by 
DM, which might play an important role in the evaluation of cardiac function injury.

Research methods
We carried out a meta-analysis to evaluate myocardial function in patients with DM compared with controls according to 
myocardial strain attained by 3D-STI. We searched he PubMed, Embase, Scopus databases, and the Cochrane library 
from the initial accessible time to 29 April 2023. PRISMA guidelines were used. Data for meta-analysis were pooled using 
a random-effects model. We extracted data and used the Cochrane “Risk of bias” tool to assess methodological quality. 
Effect was presented as mean difference with 95% confidence interval using RevMan 5.3. The current study is the first 
meta-analysis to report that 3D-STI could precisely assess early left ventricular systolic dysfunction in DM.
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Research results
The findings of this meta-analysis implied that there existed anomalous alterations in left ventricular myocardial 
mechanics in DM without a significant decrease in LVEF. In addition, 3D-STI could obtain parameters such as GRS, GLS, 
GAS, GCS, 3D-Strain and so on. Among them, the decrease of GLS and GAS was more obvious, which may be since the 
left ventricular wall is composed of three layers of myocardial fibers: The subepicardial myocardial fibers are arranged 
counterclockwise oblique in the direction of the left ventricular longitudinal axis, approximately circular in the middle 
layer of the ventricular wall, and clockwise in the longitudinal axis to the innermost layer, namely the subendocardial 
layer.

Research conclusions
Our data provided the first evidence for the essential role of 3D-STI in assessing the early left ventricle systolic 
dysfunction in DM precisely. The assessment of left ventricular strain in DM patients through 3D-STI might estimate the 
damage of LVSF in DM in the early stage.

Research perspectives
We believe that with the continuous improvement of computer and three-dimensional ultrasound technology, the 
shortcomings will be overcome, and 3D-STI is expected to become the gold standard for clinical non-invasive determ-
ination of LVSF.
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