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ABSTRACT 

Introduction: Diastolic dysfunction is a common complication of diabetic cardiomyopathy, 

and it is often present in patients with type 2 diabetes, even in the absence of systolic ventricular 

failure. Tissue Doppler imaging is a valuable technique for detecting subclinical diastolic 

dysfunction. Early diagnosis of diastolic dysfunction is crucial for timely intervention and 

prevention of long-term cardiovascular complications. The Tissue Doppler method, combined 

with 2nd ECHO, was used to examine diastolic dysfunction in diabetics and non-diabetics. 

Material and methods:  A total of 129 subjects (case) with type 2 diabetes were compared 

with 333 non-diabetic subjects. 2D-ECHO including Tissue Doppler method was performed to 

assess left ventricular diastolic function. 

Results: 76% from diabetic group had diastolic dysfunction, and 3.3% in non-diabetic group 

had diastolic dysfunction (P < 0.05).We found mitral valve and tricuspid valve regurgitation, 

aortic valve stenosis and LVH was more common among diabetics compared to non-diabetics 

(p<0.05).We found LV diastolic dysfunction, PAH (Pulmonary arterial hypertension) and PE 
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(Pulmonary embolism) was more common among diabetics compared to non-diabetics 

(p<0.05). 

Conclusion: In the current investigation, the overall prevalence of diastolic dysfunction in 

asymptomatic type 2 diabetes patients was 76%. When comparing asymptomatic type 2 

diabetes to healthy individuals, diastolic dysfunction was far more common. When diabetic 

individuals are thought to have healthy hearts, routine screening for diastolic dysfunction may 

be justified by the use of tissue Doppler imaging. 

Keywords: Tissue Doppler imaging, Diastolic dysfunction, diabetes mellitus, 

echocardiography. 

INTRODUCTION 

 Globally, the prevalence of diabetes mellitus (DM) is rising and quickly approaching 

epidemic levels. Numerous epidemiological, clinical, and autopsy research conducted during 

the past three decades have suggested that diabetic heart disease exists as a separate clinical 

entity. Another name for diastolic heart failure (HF) is HF with intact left ventricular systolic 

function. 

 Myocardial and vascular abnormalities are components of cardiac illness in both 

metabolic syndrome and diabetes mellitus. The latter are mostly marked by diastolic 

dysfunction, which, despite its ubiquity, has proven challenging to assess. Diastolic function 

abnormalities are found in type 2 diabetes patients who do not have systolic ventricular failure 

as determined by conventional techniques or tissue Doppler imaging. These abnormalities are 

thought to be an early indicator of diabetic cardiomyopathy.1–8 The primary reason for the 

strong correlation between diabetes and elevated cardiovascular morbidity and death is the 

heightened incidence of ischemic heart disease. 

 It is beyond dispute that those over 65 have a significant prevalence of heart failure that 

is primarily diastolic. In the overall population, this prevalence is 16%, but in those who have 

the metabolic syndrome, it is 35%.9,10 Nonetheless, it is 50% in people with overt type 2 

diabetes and prediabetes, 60% in CAD patients, and 70% in people with diabetes and CAD 

combined.11–14 Clinically significant is diastolic myocardial dysfunction with a normal left 

ventricular ejection fraction, which accounts for almost half of all hospital admissions for acute 

heart failure.15  

 New technologies allow detailed quantification of global and regional diastolic 

function, while traditional Doppler echocardiographic parameters allow only semi-quantitative 

assessment of diastolic function and cannot reliably distinguish perturbations in loading 

conditions from altered diastolic functions. Tissue Doppler imaging, which is now routinely 
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used in modern clinical practice, is the most accessible method for quantifying subclinical 

diastolic insufficiency.  

 Numerous studies demonstrate that TDI is more accurate than traditional echo-Doppler 

in the early detection of diastolic dysfunction. It is ideal to diagnose diastolic dysfunction as 

soon as possible. Early diagnosis results in early intervention, protecting the patient from DM's 

long-term repercussions. The TDI technique is a useful addition to the diagnostic toolbox since 

it aids in the early detection of diastolic dysfunction in diabetes. This study used the Tissue 

Doppler method for ECHO together with 2nd ECHO to examine diastolic dysfunction in 

diabetics and non-diabetics. 

MATERIAL AND METHODS 

 Following ethics committee approval, a single centre comparative study comprised of 

462 subjects of both genders. 129 patients were with diabetes mellitus and 333 a non-diabetics, 

who were referred to Department of Cardiology were included. 

Group A: Diabetic patients: N=129 

Controls: Non-diabetic patients: N=333 

 Based on their medical histories and physical examinations, all individuals were found 

to be in otherwise good health. The following patients were excluded: those with congestive 

cardiac failure diagnosed by signs and symptoms, chest radiograph or echocardiography, heart 

rates < 50 or > 100 per minute and 1° AV block, atrial fibrillation or any other cardiac 

arrhythmias diagnosed by clinical examination and electrocardiogram, hypertensive (BP > 

140/90 mmHg), structural heart defects, and pulmonary obstructive disease. Patients with 

coronary artery disease were diagnosed by symptoms, previous documents, and 

electrocardiogram, or regional wall motion abnormality on echocardiogram. 2D 

echocardiograms were captured with GE's VIVID E9 machine. The subjects had routine 

parasternal long axis, short axis, and apical views examinations while in the left lateral 

decubitus and supine position. The American Society of Echocardiography's guidelines were 

followed by the same observer, a consultant cardiologist, for all measures and recordings.16  

 A ratio of less than 0.8 was used to define diastolic dysfunction.17 For normal patients, 

propagation velocity was classified as more than 50 m sec, while for diastolic dysfunction, it 

was less than 50 m sec.18 Colour TDI was acquired using the 2-chamber and 4-chamber 

orientations from an apical window. The image capture performance was carried out during 

apnea in order to prevent further artefacts caused by complete heart motion during breathing. 

To guarantee that the sample window was aligned parallel, the picture angle was changed. The 

diastolic myocardial velocities of E and A were measured, and their ratio was calculated. At 
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100 mm/s, the TDI signals were recorded. At the lateral corner of the mitral annulus, a sample 

volume of less than 5 mm was used to record the velocity profiles.  For normal participants, 

mitral valve velocities measured by tissue Doppler imaging (E/e) ratio were considered to be 

equal to or less than 8.18 For normal individuals, the ejection fraction (EF) was considered to 

be equal to or higher than 55.18 

 333 individuals who were not diabetics (as determined by blood sugar levels) made up 

the control group. The study received institutional approval, and the subjects provided 

informed consent. 

 SPSS Inc. Chicago IL)'s IBM SPSS Version 22 was used for all of the analysis. The 

Student's t-test was used to compare continuous variables between the two groups, while the 

Chi-square test was used to evaluate categorical data.  The threshold for statistical significance 

was fixed at P 0.05. 

RESULTS  

 Table 1 shows the baseline characters of our study groups. Diabetics had their mean age 

more compared to non-diabetics (p<0.05). Also, we found that diabetic group had increased 

hypertensive, smokers and alcoholics compared to non-diabetic group (P<0.05) 

Table 1: Baseline characteristics of study groups 

Baseline characteristics Group A 

(N=129) 

Group B 

(N=333) 

P-value 

Age 52.14±6.4 39.6±7.2 <0.001 

Gender  Males 107 (82.9%) 261 (78.4%) 0.304 

Females 22 (17.1%) 72 (21.6%) 

Co-morbidities Hypertension 27 (20.9%) 3 (0.9%) <0.001 

Smoking 23 (17.8%) 13 (3.9%) <0.001 

Alcoholism 25 (19.4%) 3 (0.9%) <0.001 

 Table 2 shows the valve disorders in study groups. We found mitral valve and 

tricuspid valve regurgitation, aortic valve stenosis and LVH was more common among 

diabetics compared to non-diabetics (p<0.05). 

Table 2: Valve disorders in study groups 

 Group A 

(N=129) 

Group B 

(N=333) 

P value 

Absent 129 (100%) 333 (99.1%) 0.557 
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Mitral valve 

stenosis 

Mild 0 1 (0.3%) 

Moderate 0 2 (0.6%) 

Mitral valve 

regurgitation 

Absent 0 49 (14.7%) <0.001 

Mild  129 (100%) 284 (85.3%) 

Tricuspid valve 

regurgitation 

Absent 125 (96.9%) 333 (100%) 0.001 

Mild  4 (3.1%) 0 

Aortic valve 

stenosis 

Absent 124 (96.1%) 333 (100%) 0.002 

Mild 5 (3.9%) 0 

Aortic valve 

regurgitation 

Absent 127 (98.4%) 333 (100%) 0.078 

Mild 2 (1.6%) 0 

LVH Absent 104 (80.6%) 331 (99.4%) <0.001 

Mild concentric  14 (10.9%) 1 (0.3%) 

Concentric 11 (8.5%) 1 (0.3%) 

 Table 3 shows the ECHO findings in study groups. We found LV diastolic 

dysfunction, PAH (Pulmonary arterial hypertension) and PE (Pulmonary embolism) was 

more common among diabetics compared to non-diabetics (p<0.05). 

Table 3: ECHO findings in study groups 

 Group A 

(N=129) 

Group B 

(N=333) 

P value 

LV diastolic 

dysfunction 

Absent 31 (24%) 322 (96.7%) <0.001 

Grade I 88 (68.2%) 11 (3.3%) 

Grade II 10 (7.8%) 0 

RV function Normal 128 (99.2%) 333 (100%) 0.108 

Mild 

dysfunction 

1 (0.8%) 0 

Pulmonary 

arterial 

hypertension 

Normal  126 (97.7%) 333 (100%) 0.005 

Mild 3 (2.3%) 0 

Pulmonary 

embolism 

Absent 125 (96.9%) 333 (100%) 0.005 

Trace 2 (1.6%) 0 

Mild 2 (1.6%) 0 
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DISCUSSION 

  Up until recently, the heart's systolic functions were assigned the utmost attention. 

However, over the past ten years, researchers and clinicians have found that abnormalities of 

the left ventricle's diastolic function, both reversible and irreversible, play a significant role in 

the symptoms and morbidity of patients with a range of cardiac disorders, including those 

whose systolic function is normal or nearly normal. According to our latest research, pre-

clinical diastolic dysfunction is prevalent in DM patients. Diastolic dysfunction in patients 

without symptoms of heart failure (HF) and normal systolic function is referred to as pre-

clinical diastolic dysfunction. The current study's group of people with type 2 diabetes had a 

high burden of diastolic dysfunction.  

 Subjects with type 2 diabetes had considerably greater diastolic dysfunction than those 

in the control group ('P'< 0.05). In a case control study involving 55 people with type 2 diabetes, 

Soldatos et al.19discovered that a sizable fraction of people with type 2 diabetes had diastolic 

dysfunction. The ejection fraction in diabetics did not significantly decrease, according to the 

current study. Our findings were compared with those of other investigations. Patil et al. 

identified a considerable incidence of diastolic dysfunction (54.33%) in their study of 127 Type 

II diabetics without symptoms.20 In the current investigation, diastolic dysfunction was evident 

in 76% of the participants belonging to the diabetes group and 3.3% of the control group (P < 

0.005). 

 In patients with diabetes mellitus, excessive diastolic left ventricular stiffness plays a 

significant role in heart failure. Diabetes is thought to cause myocardial deposition of collagen 

and advanced glycation end products, which increases stiffness. In a similar vein, 76% of the 

case group participants in the current study had diastolic dysfunction with normal LVEF. 

 In their case control study of 71 individuals with type 2 diabetes, Mishra et al.21 

discovered that, in comparison to healthy participants, asymptomatic diabetic patients had 

decreased LV systolic and diastolic function. Patients with type-2 diabetes mellitus are far more 

likely to have LV diastolic failure, which is an early indicator of diabetic cardiomyopathy. 76% 

of participants in our study had type 2 diabetes. In their 114-person study, Exiara et al.22 found 

that LV diastolic dysfunction is highly prevalent and rises with age in normotensive, 

asymptomatic, and well-controlled type 2 diabetes patients. In their study, diastolic dysfunction 

was present in 63.2% of patients, whereas our incidence was 76%. These results are consistent 

with our observations. 

 In a study of 1,760 diabetes patients, Aaron et al.23 discovered that 411 (23%) of the 

patients had diastolic dysfunction, and that diabetic patients who had diastolic dysfunction had 
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a noticeably greater death rate than those who did not. According to Boyer et al.24, a significant 

proportion of asymptomatic, normotensive patients with type 2 diabetes have LV diastolic 

dysfunction. In 75% of the individuals, diastolic dysfunction was detected. It was also 

discovered that, compared to other echocardiographic parameters, TDI identified diastolic 

dysfunction more frequently. 76% of the participants in our study had diastolic dysfunction. 

 In their prospective observational research of 305 patients with type 2 diabetes, Poulsen 

et al.25 discovered a strong correlation between defective myocardial perfusion on myocardial 

perfusion scintigraphy and abnormal left ventricle filling. Regardless of the severity of DM 

and renal dysfunction, Takeda et al.26 found that diastolic dysfunction (impaired relaxation) 

plays a crucial role in the induction of HF with normal systolic function in their population of 

544 consecutive Japanese DM patients with ejection fraction ≥ 50%. These results partially 

agree with our investigation, which found that diastolic dysfunction was more common in 

patients with a HbA1c > 7.5. In their research population of 60 individuals with type 2 diabetes, 

Hameedullah et al.27 discovered a substantial association ('P' < 0.05) between diastolic indices 

and HbA1c levels. 

 Diastolic dysfunction is associated with glycaemic management and was more common 

in people with poorly managed diabetes. Schannwell et al.28 found that even in young 

individuals with diabetes mellitus, diastolic ventricular function is abnormal but systolic 

function is normal in their sample population of 87 participants. According to our research, 

type 2 DM patients have a high incidence of pre-clinical diastolic dysfunction. These findings 

obliquely imply that diastolic dysfunction may occur as a result of metabolic and/or hormonal 

causes. The most plausible possibility among these is insulin resistance and the 

hyperinsulinemia it is associated with. 

CONCLUSION 

 In the current investigation, the overall prevalence of diastolic dysfunction in 

asymptomatic type 2 diabetes patients was 76%. When comparing asymptomatic type 2 

diabetes to healthy individuals, diastolic dysfunction was far more common. When diabetic 

individuals are thought to have healthy hearts, routine screening for diastolic dysfunction may 

be justified by the use of tissue Doppler imaging. 

REFERENCES 

1. Carlos A. Roldan. The Ultimate Echo Guide. Lippincot Williams & Wilkins,(Second 

edition). 2012; 76 



 

227 
 

2. Nyström L., Ostman J., Wall S., et al. Mortality of all incident cases of diabetes mellitus 

in Sweden diagnosed 1983-1987 at age 15-34 years. Diabetes Incidence Study in 

Sweden (DISS) Group Diabetic Medicine. Diab Med. 1992; 9(5): 422-427.  

3.  Paillole C, Dahan M, Paycha F. et al. Prevalence and significance of left ventricular 

filling abnormalities determined by Doppler echocardiography in young type 1 (insulin-

dependent) diabetic patients. Am J Cardiol. 1989; 64: 1010–1016.  

4.  Gorani D, Zahiti B, Dragusha G. et al. Early detection of Diastolic dysfunction in type 

2 diabetics with short duration of disease using tissue Doppler imaging. HealthMED. 

2010; 4(4, Suppl. 1): 1107-1112.  

5. Shapiro LM, Howat AP, Calter MM. Left ventricular function in diabetes mellitus: 

Methodology and prevalence and spectrum of abnormalities. Br Heart J. 1981; 45: 122–

128.  

6. Zarich SW, Arbuckle BE, Cohen LR. et al. Diastolic abnormalities in young 

asymptomatic diabetic patients assessed by pulsed Doppler echocardiography. J Am 

Coll. Cardiol. 1988; 12: 114-120.  

7. Vinereanu D, Nicolaides E, Tweddel AC. et al. Subclinical left ventricular dysfunction 

in asymptomatic patients with type II diabetes mellitus, related to serum lipids and 

glycated haemoglobin. Clin Sci 2003; 105: 591-599.  

8.  Boyer JK, Thanigaraj S, Schechtman KB. et al. Prevalence of ventricular diastolic 

dysfunction in asymptomatic, normotensive patients with diabetes mellitus. Am J 

Cardiol. 2004; 93: 870–875. 

9. De las Fuentes L, Brown AL, Mathews SJ et al (2007) Metabolic syndrome is 

associated with abnormal left ventricular diastolic function independent of left 

ventricular mass. Eur Heart J 28:553– 559 

10. Fischer M, Baessler A, Hense HW et al (2003) Prevalence of left ventricular diastolic 

dysfunction in the community. Results from a Doppler echocardiographic-based survey 

of a population sample. Eur Heart J 24:320–328 

11. von Bibra H, Thrainsdottir IS, Hansen A et al (2005) Tissue Doppler imaging for the 

detection and quantitation of myocardial dysfunction in patients with type 2 diabetes 

mellitus: a methodological study. Diabetes Vasc Dis Res 2:483–487  

12. Bell DS (2003) Diabetic cardiomyopathy. Diabetes Care 26:2949–2951  

13. Dounis V, Siegmund T, Jensen J et al (2006) Global myocardial perfusion and diastolic 

function are impaired to a similar extent in patients with type 2 diabetes mellitus and in 



 

228 
 

patients with coronary artery disease—evaluation by contrast echocardiography and 

pulsed tissue Doppler. Diabetologia 49:2729–2740  

14.  Poirier P, Garneau C, Bogaty P et al (2000) Impact of left ventricular diastolic 

dysfunction on maximal treadmill performance in normotensive subjects with well-

controlled type 2 diabetes mellitus. Am J Cardiol 85:473–477 

15. Kitzman DW, Gardin JM, Gottdiener JS et al (2001) Importance of heart failure with 

preserved systolic function in patients ≥65 years of age. Am J Cardiol 87:413–419 

16. Sahn DJ, Demaria A, Kisslo J et al. Recommendations regarding quantitation in M 

mode echocardiography : results of a survey of echocardiographic measurements. 

Circulation, 1978, 58:1072-1083.  

17. Ashraf SM, Basir F: Association of hypertension and diastolic dysfunction with type 2 

diabetes mellitus. Pakistan Journal of Medical Sciences 2007; 23: 344–8. 

18. Recommendations for the evaluation of left ventricular diastolic function by 

echocardiography. J Am Society of Echocardiography 2009;22:107-133 

19. Soldatos G, Jandeleit-Dahm K, Thomson H, Formosa M, D’orsa K, Calkin AC, et al. 

Large artery biomechanics and diastolic dysfunctionin patients with Type 2 diabetes. 

Diabet Med 2011;28:54-60. 

20. Patil VC, Patil HV, Shah KB, Vasani JD, Shetty P : Diastolic dysfunction in 

asymptomatic type 2 diabetes mellitus with normal systolic function – Journal of 

Cardiovascular Disease Research 2011; 2(4): 213– 222. 

21. Mishra TK, Rath PK, Mohanty NK, Mishra SK. Left ventricular systolic and diastolic 

dysfunction and their relationship with microvascular complications in normotensive, 

asymptomatic patients with type 2 diabetes mellitus. Indian Heart J 2008;60:548-53. 

22. Exiara T, Konstantis A, Papazoglou L, Kouroupi M, Kalpaka A, Mporgi L, et al. Left 

ventricular diastolic dysfunction in diabetes mellitus Type 2. J Hypertens 

2010;28:e294. 

23. From AM, Scott CG, Chen HH. The development of heart failure in patients with 

diabetes mellitus and pre-clinical diastolic dysfunction. J Am Coll Cardiol 

2010;55:300-5. 

24. Boyer JK, Thanigaraj S, Schechtman KB, Pérez JE. Prevalence of ventricular 

diastolic dysfunction in asymptomatic, normotensive patients with diabetes mellitus. 

Am J Cardiol 2004;93:870-875.  



 

229 
 

25. Poulsen MK, Henriksen JE, Dahl J, Johansen A, Gerke O, Vach W, et al. Left 

ventricular diastolic function in Type 2 diabetes mellitus: Prevalence and association 

with myocardial and vascular disease. Circ Cardiovasc Imaging 2010;3:24-31.  

26. Takeda Y, Sakata Y, Mano T, Ohtani T, Kamimura D, Tamaki S, et al. Competing 

risks of heart failure with preserved ejection fraction in diabetic patients. Eur J Heart 

Fail 2011;13:664-9 

27. Hameedullah, Faheem M, Bahadar S, Hafizullah M, Najeeb S. Effect of glycaemic 

status on left ventricular diastolic function in normotensive type 2 diabetic patients. J 

Ayub Med Coll Abbottabad 2009;21:139-44.  

28. Schannwell CM, Schneppenheim M, Perings S, Plehn G, Strauer BE. Strauer. Left 

ventricular diastolic dysfunction as an early manifestation of diabetic 

cardiomyopathy. Cardiology 2002;98:33-9. 


