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ABSTRACT 

Objective: To evaluate subclinical left ventricular dysfunction in Egyptian ischemic 

patients with type 2 diabetes mellitus by speckle tracking echocardiography (2D STE). 

Patients and method: The study included 80 known chronic stable angina patients and 

subdivided them into DM group (40 patients with type 2 diabetes mellitus) and non-DM 

group (40 patients without diabetes mellitus) and we used 20 cases of apparently healthy 

volunteers as a control group. LV regional and global peak systolic longitudinal strains 

were measured respectively using Philips iE33 vendor beside Simpson method for 

assessment of EF. Results: Although assessment of EF by Simpson method showed no 

statistically significant difference between all the three groups, the peak systolic 

longitudinal strain in LV basal segments, middle segments and apical segments were 

significant lower in diabetic ischemic group than non diabetic ischemic group (P < 0.05) 

and lower in non diabetic ischemic group than control group (P < 0.05). Conclusions: The 

systolic longitudinal myocardial function of LV evaluated by 2D STE has been reduced 

before the reduction of left ventricular global systolic function in ischemic patients with 

type 2 diabetes mellitus. 

 

INTRODUCTION 

Diabetes mellitus (DM) showing 

increased prevalence nowadays and is 

considered a surrogate marker of heart 

failure development later on life 

especially those with development of 

ischemic heart disease. There is a term of 

diabetic cardiomyopathy referred to 

systolic dysfunction in diabetic patients 

not having coronary artery disease. Left 

ventricular dysfunction in diabetes has 

mullti-factorial pathogenesis of 

myocardial remodeling such as 

hyperinsulinemia, hyperglycemia, 

increased apoptosis, oxidative stress, free 

fatty acid abnormal metabolism, 

activation of the rennin angiotensin 

system, copper metabolism abnormalities, 

stem cell defect and autonomic 

neuropathy [1]. 

One of the new echocardiographic tools is 

2 dimensional speckle tracking and is 

used for early detection of LV global or 

segmental myocardial systolic 

dysfunction.  If we apply this tool in 

Egyptian diabetic patients with ischemic 

heart disease it may be a first marker of a 

preclinical form of LV dysfunction in 

DM patients even those with preserved 

LVEF by 2D without symptoms of heart 

failure [2].  

AIM OF THE WORK 

To evaluate subclinical left ventricular 

dysfunction in Egyptian ischemic patients 

with type 2 diabetes mellitus by Speckle 

Tracking Echocardiography (2D STE). 

PATIENT AND METHODS 

The study is a prospective study that 

included 80 known chronic stable angina 

patients from those referred to 

Echocardiography Laboratory at 

Cardiology Department in Al-Hussein 

University Hospital between January and 

March 2015. The patients were divided 
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according to diabetes mellitus (DM) into 

DM group (40 patients with type 2 

Diabetes Mellitus on oral hypoglycemic 

drugs) and non-DM group (40 patients 

without Diabetes Mellitus) and we used 

age and sex matched 20 apparently 

healthy volunteers as a control group.  

The patient were exclude if they had 

previous history of myocardial infarction, 

previous coronary intervention or 

coronary artery bypass graft, known to be 

chronic kidney disease or refuse to be 

involved in the study, presence of any 

regional wall motion abnormalities or 

poor image quality.  

1. A verbal informed consent was 

obtained from all included patients and 

after that Careful history taking was 

done from all the subjects with 

special emphasis on: history of 

hypertension, diabetes mellitus and its 

duration, chest pain symptoms, 

previous hospital admission and 

current medication and smoking. 

2. General and local cardiac 

examination was done for all included 

subjects including weight and height to 

calculate body mass index (BMI), vital 

signs, heart sounds and murmurs and 

basal rales. 

3- Laboratory investigation: routine 

laboratory investigations including 

CBC, kidney function, lipid profile and 

HbA1c was done for all included 

patients.  

4. Resting 12 lead surface ECG was 

done for all patients searching for heart 

rate, rhythm, bundle brancg block, 

chamber enlargement and ischemic 

changes. 

5. Echocardiography: All subjects were 

examined at rest in the left lateral 

decubitus to obtain adequate images in 

different standard views. Standard 2D 

TTE examination was performed with 

a Philip iE33 vendor (Philips Medical 

Systems, Andover, USA) using S5-1 

matrix array transducers equipped with 

STE technology, using a multi 

frequency (1- 5 MHz) ECG-gated 

examination. The images were 

digitally stored for later off-line 

analysis using Q LAB version 9.0. 

Chamber quantification was performed 

in accordance to the recommendations 

of the American Society of 

Echocardiography (ASE) and the 

European Association of 

Cardiovascular Imaging (EACI) [3]. 

The following measurements were 

taken: 

1) Aortic root diameter (AOD) and 

Left atrium dimension (LAD) in the 

parasternal long-axis view using the 

leading-edge to leading-edge 

convention. 

2) Left ventricular internal dimension 

at end-diastole (LVIDd) and Left 

ventricular internal dimension at 

end-systole (LVIDs) in the parasternal 

long-axis view at the level of the mitral 

valve leaflet tips. 

3) LV systolic function: by calculating 

Ejection Fraction (EF) using 

modified Simpson’s method by tracing 

of the blood-tissue interface in the 

apical four-and the apical two-chamber 

views. Then EF is calculated from 

EDV and ESV estimates, using the 

following modified Simpson’s formula 

[3]. EF = (LVEDV- LVESV) / 

(LVEDV) 

4) Speckle tracking echocardiography: 

During breath hold apical four- 

chamber, two-chamber and three-

chamber views were obtained using 

conventional two-dimensional gray 

scale echocardiography, with a stable 

ECG recording. Adequate gray scale 

image to delineate the myocardial 

tissue and extracardiac structures. 

Three consecutive heart cycles were 
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recorded and averaged. The frame rate 

is set between 60 and 80 frames per 

second. LV endocardial surface is 

manually traced with in apical four-

chamber, two-chamber and three-

chamber views by a point-and-click 

approach. An epicardial surface tracing 

is then automatically generated by the 

system with manual adjustment, thus 

creating a region of interest (ROI). 

After manual adjustment of ROI width 

and shape, the software divides the 

ROI into 6 segments with the 

possibility of further manual correction 

and exclude inadequate segment by 

click on it and excluded from the 

analysis [4]. Then the software 

generates the longitudinal strain curves 

for each segment and a mean curve of 

all segments in each view and lastly the 

peak systolic longitudinal strain for the 

three views and peak systolic global 

longitudinal strain.  

6. Statistical analysis 

The recorded data were analyzed using 

the IBM statistical package for social 

sciences, version 22.0 (IBM corporation 

and others, USA). Quantitative data were 

expressed as mean± standard deviation 

(SD). Qualitative data were expressed as 

frequency and percentage. Independent t 

test was used when comparing between 

two means and ANOVA test when 

comparing between three means. Chi-

square (x
2
) test of significance was used 

in order to compare proportions between 

qualitative parameters. The p-value was 

considered significant if P-value 

<0.05and highly significant if P-value 

<0.001. 

RESULTS 

The age and sex were matched in the 

patients (either diabetics or not) and 

control group. Body mass index (BMI) 

was more or less equal in the different 

group without statistical significance. 

Smoker were much higher in diabetic 

group (37.5%) than non diabetic group 

(30%) and control group (25%) that 

proportionate to male  number and this 

difference is statistically significant. The 

prevalence of hypertension (HTN) in 

chronic stable angina patients was 47.5% 

in diabetic group and 55% in non-diabetic 

group while in control they were chosen 

not having hypertension (table 1). 
Table (1): Demographic character of the studied group 

 DM (N=40) 
Non-

DM(N=40) 

Control 

(N=20) 
P value 

Age (years 47.18±10.45 45.13±5.19 40.8±6.81 >0.05 

Female (%) 25 (62.5%) 27 (67.5%) 14 (70%) >0.05 

BMI (kg/m2) 26.43±2.04 26.03±1.19 26.15±1.39 >0.05 

HTN  No.(%) 19( 47.5%) 22 (55%) 0 >0.05 

Smoking 

history No. 

(%) 

15 (37.5%) 12 (30%) 5 (25%) 0.04* 

* Significant 

The level of glycosylated hemoglobin 

(HbA1c) is higher in diabetic and non-

diabetic group which is statistically 

significant. Serum cholesterol and 

triglyceride level were higher in diabetics 

than non diabetic groups (table (2). The 

control group did not perform any 

laboratory investigations. 
Table (2): The laboratory finding of the studied group 

 DM (N=40) 
Non-

DM(N=40) 
Control 
(N=20) 

P value 

HbA1c(%) 7.63±0.88 5.51±0.25 - 0.001** 

TC (mg/dl) 225.5±15.3 210.6±17.5 - 0.05 

TG (mg/dl) 253.2±21.5 159.4±15.8 - 0.03* 

* Significant   ** highly significant 

The diameter of aortic root and left atrium 

and internal dimensions of LV was higher 

in diabetic patients with chronic stable 

angina than control group and this 

difference is highly significant 

statistically but within the standard 

normal range of measurements. The 

internal dimensions during systole is 

above normal measurements and thsese 

measurements showed highly statistical 

significant difference among all different 

groups. The LV end-systolic and end-

diastolic volumes were higher in diabetics 

than other different groups which is 

statistically non-significant. Ejection 

fraction using modified Simpson method 

was within normal range although there 
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were minor variation but without 

statistically significant difference (table 

3).  
Table (3): Conventional echo-parameters of the studied 

groups 

 DM (N=40) 
Non-

DM(N=40) 
Control 
(N=20) 

P value 

AOD(mm) 34.7±2.42 33.93±1.62 30.8±3.44 0.001** 

LAD(mm) 39.48±2.58 38.18±3.22 32.25±4.46 0.001** 

LVIDd 
(mm) 

52.38±3.91 49.9±3.87 47.2±2.84 0.001** 

LVIDs 

(mm) 
41.88±6.24 44.7±7.89 30.45±2.50 0.001** 

LVEDV(ml) 113±3.46 108.3±7.39 108.15±14.59 >0.05 

LVESV(ml) 47.68±4.60 48.68±5.26 48.1±8.51 >0.05 

EF(%) 56.325±2.82 57.4±2.66 57.65±4.21 >0.05 

**Highly significant 

The LV regional and global peak systolic 

longitudinal strain was reduced in 

diabetics than non diabetics and control 

groups and this difference was highly 

significant among the different groups 

(table 4). 
Table (3): Longitudinal strain parameters of the 

studied groups 

 DM (N=40) 
Non-

DM(N=40) 

Control 

(N=20) 
P value 

AP3(%) -18.88±1.73 -19.85±2.23 -23.4±1.43 0.008** 

AP2(%) -18.98±2.72 -19.58±2.17 -21.5±1.70 0.001** 

AP4(%) -18.93±1.64 -21.23±4.45 -21.5±1.40 0.004* 

GLS(%) -18.75±1.53 -20.65±1.51 -22.85±1.27 0.001** 

* Significant   ** highly significant 

When comparing  the diabetic patient 

with chronic stable angina with the 

control group the age and sex were 

matched and no significant difference of 

BMI but smoker were higher in diabetic 

patients presented by chronic stable 

angina (table 4). 
Table (4): Demographic character of diabetic and 

control groups 

 DM (N=40) 
Control 

(N=20) 
P value 

Age (years) 42.18±10.45 40.8±6.81 >0.05 

Females (%) 25 (62.5%) 14 (70%) >0.05 

BMI (kg/m2) 26.43±2.04 26.15±1.39 >0.05 

Smoking history 

No. (%) 
15 (37.5%) 5 (25%) 0.04 

HTN  No. (%) 19( 47.5%) 0 0.001** 

**Highly significant 

The diameter of aortic root and left atrium 

and internal dimensions of LV was higher 

in diabetic patients with chronic stable 

angina than control group and this 

difference is highly significant 

statistically but within the standard 

normal range of measurements. The 

internal dimensions during systole is 

above normal measurements and with 

high statistical significant difference. The 

LV end-systolic and end-diastolic 

volumes were comparable in diabetics 

and control group with non-significant 

statistical difference. Ejection fraction 

using modified Simpson method was 

within normal range in both groups and 

without statistically significant difference 

(table 5).  
Table (5): Conventional echo-parameters of diabetic 

patients and control group 
 DM (N=40) Control (N=20) P value 

AOD (mm) 34.7±2.42 30.8±3.44 0.001** 

LAD (mm) 39.48±2.58 32.25±4.46 0.001** 

LVIDd (mm) 52.38±3.91 47.2±2.84 0.001** 

LVIDs (mm) 41.88±6.24 30.45±2.50 0.001** 

LVEDV (ml) 113±3.46 108.15±14.59 >0.05 

LVESV (ml) 47.68±4.60 48.1±8.51 >0.05 

EF (%) 56.325±2.82 57.65±4.21 >0.05 

**Highly significant 

The LV regional and global peak systolic 

longitudinal strain was markedly reduced 

in diabetics than control groups and this 

difference was highly significant (table 

6). 
Table (6): Longitudinal strain parameters of diabetic 

patients and control group 
 DM (N=40) Control (N=20) P value 

AP3(%) -18.88±1.73 -23.4±1.43 0.001** 

AP2(%) -18.98±2.72 -21.5±1.70 0.001** 

AP4(%) -18.93±1.64 -22.5±1.40 0.001** 

GLS(%) -18.75±1.53 -22.85±1.27 0.001** 

**Highly significant 

The age, sex, BMI, hypertension history 

and smoking history showed no 

significant difference  in diabetic nor non-

diabetic patients. As HbA1c and 

triglyceride levels were normal in non-

diabetics and slightly high in diabetic 

groups there is significant difference 

between different patient groups. Serum 

cholesterol level  was higher in diabetics 

than non diabetic groups but without 

statistical significant difference (table 7). 
Table (7): Demographic character and laboratory data 

of the patient 

 DM (N=40) 
Non-

DM(N=40) 
P value 

Age (years) 42.18±10.45 40.13±5.19 >0.05 

Females (%) 25 (62.5%) 27 (67.5%) 0.05 

BMI (kg/m2) 26.43±2.04 26.03±1.19 >0.05 

HbA1c (%) 7.63±0.88 5.51±0.25 0.001** 

HTN no. (%) 19( 47.5%) 22 (55%) >0.05 

Smoking 

history no. (%) 
15 (37.5%) 12 (30%) 0.05 

TC (mg/dl) 225.5±15.3 210.6±17.5 0.05 

TG (mg/dl) 253.2±21.5 159.4±15.8 0.03* 
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* Sgnificant   ** highly significant 

The conventional echo-parameters of 

aortic root, left atrium diameter , internal 

dimensions and volumes of LV and 

systolic function of LV showed no 

significant difference between diabetic 

patients with chronic stable angina and 

non-diabetics  (table 8).  
Table (8): Conventional echo-parameters of the 

patients 

 DM (N=40) 
Non-

DM(N=40) 
P value 

AOD (mm) 34.7±2.42 33.93±1.62 >0.05 

LAD (mm) 39.48±2.58 38.18±3.22 0.05 

LVIDd (mm) 52.38±3.91 49.9±3.87 >0.05 

LVIDs (mm) 41.88±6.24 44.7±7.89 >0.05 

LVEDV(ml) 113±3.46 108.3±7.39 0.05 

LVESV (ml) 47.68±4.60 48.68±5.26 >0.05 

EF(%) 56.325±2.82 57.4±2.66 >0.05 

The longitudinal LV regional and global 

peak systolic strain was reduced in 

diabetics than non diabetics groups and 

this difference was significant except in 

regional apical two chamber longitudinal 

strain (table 9). 
Table (9): Speckle tracking echo-parameters of the 

patients 

 DM (N=40) 
Non-

DM(N=40) 
P value 

AP3 (%) -18.88±1.73 -19.85±2.23 0.032* 

AP2(%) -18.98±2.72 -19.58±2.17 >0.05 

AP4 (%) -18.93±1.64 -21.23±4.45 0.003** 

GLS (%) -18.75±1.53 -20.65±1.51 0.001** 

* Sgnificant   ** highly significant 

There is significant correlation between 

HbA1c level and peak systolic global 

longitudinal strain with r= 0.55 and p 

value= 0.001 (figure 1). 

 
Figure (1): Correlation between glycoslated 

hemoglobin level and GLS. 

 

 

 

 
Figure (2): Longitudinal strain parameters (AP2, AP4, 

AP3 and GLS) of patient No.11 (DM & chronic syable 

angina). 

 

DISCUSSION 

Cardiovascular complications are the 

leading cause of mortality among diabetic 

patients especially with increased 

prevalence of type 2 DM by 30% globally 

in the past decade [5]. Diabetic 
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cardiomyopathy is characterized by 

contractile abnormalities in the absence of 

coronary disease [6]. If coronary artery 

disease is present the condition is 

considered ischemic cardiomyopathy. LV 

systolic function may be impaired  before 

development of clinical picture of heart 

failure. But before that state there is 

myocardial changes of cardiac 

remodeling and amicroangiographic 

changes that need an imaging technique 

that can detect it. The conventional 2D 

Echocardiography parameters are not 

reliable techniques to detect myocardial 

mechanics under ischemia or 

microvascular changes [7]. But, 

conventional echocardiography used to 

check for regional wall motion 

abnormalities or LVEF. These techniques 

had several limitations that are operator 

dependent, subjective and calculation 

LVEF with modified Simpson's method 

based on geometric assumptions and 

LVEF is not a sensitive marker for 

subclinical dysfunction [8].  As in the 

present study, there were no regional wall 

motion abnormalities or LVEF difference 

between diabetic and non-diabetics 

chronic stable angina patients. 

Speckle tracking echocardiography STE-

derived measurements were sensitive in 

the detection of subclinical impairment of 

cardiac contractility as it  had been 

utilized in the previous clinical 

assessment of LV dysfunction either 

magnetic resonance based or 2D 

echocardogrpahic based imaging [7]. 

In this study we compared the diabetic to 

non-diabetic chronic stable angina 

patients to assess the role of diabetes on 

left ventricular contractility and found 

global and regional longitudinal strain 

were much reduced with highly statistical 

significant in diabetic than non diabetic 

chronic stable angina patients and this 

finding became more evident when 

compared to apparently healthy control 

volunteers. 

Tsai et al., [9] evaluated patients who 

underwent coronary angiography with 

normal LVEF and found that patients 

with coronary involvement had lower 

GLS than those with normal coronary 

angiography so demonstrated subclinical 

LV dysfunction by 2D-STE in patients 

with coronary artery disease even their 

LVEF was in normal range. But, when 

they assesed the role of diabetes as a risk 

factor they found reduced peak systolic 

global longitudinal strain -15.1 6±6.5  

versus  -19.7±4.7 in control. 

Roos et al., [10] showed that left 

ventricular peak systolic global 

longitudinal strain is reduced in type 

2DM and chronic stable angina (−17.2 ± 

2.3) and reduced after 2 years follow up 

to be −16.9±2.7 despite remaining 

clinically stable and asymptomatic, these 

patients showed progression of 

subclinical LV dysfunction. In contrast, 

conventional echocardiographic 

measurements did not show significant 

changes in LV systolic function. Also, 

Vintila et al., [11] showed progression of 

subclinical LV dysfunction after 5-year 

follow-up by a significant reduction in 

longitudinal velocities measured with 

tissue Doppler echocardiography (mean 

longitudinal systolic velocity 4.9 vs. 5.6 

cm/s, P = 0.001).  

Fang et al., [12] found a high prevalence 

of subclinical LV systolic dysfunction in 

patients with type 2 diabetes mellitus 

without ischemia or LV hypertrophy 

manifest impaired systolic myocardial 

velocities as diagnosed by tissue Doppler. 

Therefore, peak systolic global 

longitudinal strain may be a promising 

tool for early detection and monitoring of 

subclinical LV dysfunction in patients 

with DM and chronic stable angina. Early 

identification of those patients allows 
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initiation of therapeutic regimens to 

prevent progression of stage B heart 

failure to manifest HF and improve their 

prognosis.  

In our study the level of serum 

triglyceride is high in diabetic patients 

with chronic stable angina and this may 

result in high myocardial triglyceride 

content. In previous studies myocardial 

triglyceride content (cardiac steatosis) 

showed a weaker albeit significant 

association with peak systolic strain rate 

which may contribute to subclinical LV 

dysfunction [13].  

Diabetes mellitus through insulin 

resistance may have direct metabolic 

effects on the heart as increased stiffness, 

fibrosis, increase muscle mass and 

reactive oxygen species, mitochondrial 

dysfunction, decreased adenosine 

triphosphate synthesis, mitochondrial 

dysfunction, and myocardial cells 

apoptosis  which result in contractile LV 

dysfunction irrespective of impaired 

myocardial perfusion. These processes, 

commonly referred to as gluco-

lipotoxicity [6]. 

However, there is contradictory evidence 

of the relationship between glycemic 

control and cardiac function. Some trials 

had shown correlations by poor glycemic 

control and abnormal lower LV systolic 

strain [14]. However, other studies have 

demonstrated no significant association 

between glycemic control and cardiac 

function [15].  

Gao et al., [16] found significant 

correlation between 3D speckle tracking 

echocardiography and HbA1c. 

So improved glycemic status may delay 

the progression to clinical heart failure in 

diabetic patients and long-term outcome 

study using LV GLS is needed. 

CONCLUSIONS 

The systolic longitudinal myocardial 

function of LV evaluated by 2D STE has 

been reduced before the reduction of left 

ventricular global systolic function in 

ischemic patients with type 2 diabetes 

mellitus. 
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