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Background: Diabetic cardiomyopathy is an important cardiovascular complication 
of type 2 diabetes mellitus (T2DM) and is characterized by myocardial dysfunction 

in the absence of hypertension, coronary artery disease, and valvular heart disease. 
Early detection of cardiac dysfunction remains challenging because conventional 
echocardiographic parameters may remain normal during the initial stages of 
myocardial involvement. The Myocardial Performance Index (MPI), also known as 
the TEI index, provides a comprehensive assessment of both systolic and diastolic 
cardiac function and may serve as an effective screening tool for early diabetic 

cardiomyopathy. 
Objective: To evaluate the role of the TEI index in identifying cardiac dysfunction 
among patients with type 2 diabetes mellitus. 
Methods: This hospital-based observational cross-sectional study was conducted in 
the Department of Cardiology, NRI Medical College and Hospital, Mangalagiri, 
Andhra Pradesh, India, from June 2021 to November 2022. A total of 100 patients 

with type 2 diabetes mellitus aged 30–70 years were included after screening 142 
patients. Patients with hypertension, valvular heart disease, chronic alcoholism, and 
regional wall motion abnormalities were excluded. All participants underwent clinical 
evaluation, electrocardiography, conventional Doppler echocardiography, tissue 
Doppler imaging, and assessment of the TEI index. Statistical analysis was performed 
using appropriate parametric tests, and a p-value of <0.05 was considered statistically 

significant. 
Results: Diastolic dysfunction was identified in 60% of patients, whereas systolic 
dysfunction was observed in 18%. Grade I diastolic dysfunction was the most 
common subtype, accounting for 47% of cases. The severity of cardiac dysfunction 
was significantly associated with longer duration of diabetes, higher HbA1c levels, 
increased body mass index, and lower ejection fraction values. The mean TEI index 

progressively increased with worsening grades of diastolic dysfunction, ranging from 
0.399 in patients with normal diastolic function to 0.558 in patients with severe 
dysfunction (p<0.001). Receiver operating characteristic analysis demonstrated 
excellent diagnostic performance of the TEI index, with a sensitivity of 93.55%, 
specificity of 94.74%, positive predictive value of 96.67%, negative predictive value 
of 90.00%, and overall diagnostic accuracy of 94%. 

Conclusion: Subclinical cardiac dysfunction is highly prevalent among patients with 
type 2 diabetes mellitus. The TEI index is a simple, reproducible, and non-invasive 
echocardiographic parameter with excellent diagnostic accuracy for detecting early 
cardiac dysfunction and may serve as a valuable screening tool for diabetic 
cardiomyopathy. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a major global health problem and one of the leading causes of morbidity and mortality 
worldwide. It is characterized by insulin resistance, impaired insulin secretion, and increased hepatic glucose production, 
resulting in chronic hyperglycemia. The burden of T2DM has increased substantially over recent decades, with an estimated 
422 million adults affected globally in 2014. The prevalence of diabetes worldwide increased from 4.7% in 1980 to 8.5% 
in 2014 [1,2]. India, often referred to as the diabetes capital of the world, had approximately 62.4 million individuals with 
diabetes and 77.2 million individuals with prediabetes in 2011, highlighting the enormous healthcare burden posed by this 

disease [2]. 
 
Cardiovascular disease remains the leading cause of morbidity and mortality among patients with T2DM. Heart failure 
(HF) has emerged as one of the earliest and most frequent cardiovascular complications associated with diabetes [3-5]. In 
addition to accelerated atherosclerosis and coronary artery disease, diabetes can independently affect myocardial structure 
and function, resulting in diabetic cardiomyopathy [6]. Diabetic cardiomyopathy is defined as ventricular dysfunction 

occurring in patients with diabetes in the absence of coronary artery disease, hypertension, or valvular heart disease and is 
characterized by structural, metabolic, and functional abnormalities of the myocardium [7-9]. The concept of diabetic heart 
disease was initially proposed by Lundbaek in 1954 [10], and subsequent studies have established a strong association 
between diabetes and non-ischemic cardiomyopathy [11]. Furthermore, patients with T2DM continue to have a 
significantly increased risk of hospitalization for heart failure despite optimal management of conventional cardiovascular 
risk factors [12]. 

 
Diabetic cardiomyopathy is often clinically silent during its early stages and initially manifests as subclinical left ventricular 
diastolic dysfunction before progressing to overt systolic dysfunction and heart failure. Conventional echocardiographic 
parameters, particularly left ventricular ejection fraction, frequently remain within normal limits during the early stages of 
myocardial impairment, limiting their ability to detect subclinical cardiac dysfunction. Therefore, there is a growing need 
for sensitive, reliable, and non-invasive diagnostic tools capable of identifying early myocardial dysfunction in patients 

with diabetes. 
 
The Myocardial Performance Index (MPI), also known as the TEI index, was introduced by Tei et al. in 1995 as a Doppler-
derived echocardiographic parameter that provides a comprehensive assessment of global ventricular performance by 
simultaneously evaluating systolic and diastolic function [13]. The TEI index is calculated using isovolumic contraction 
time, isovolumic relaxation time, and ejection time and has the advantage of being relatively independent of ventricular 

geometry, age, heart rate, and loading conditions [13]. Because of its simplicity, reproducibility, and ability to detect early 
myocardial dysfunction, the TEI index may serve as a valuable tool for identifying subclinical diabetic cardiomyopathy. 
Therefore, the present study was undertaken to evaluate the role of the TEI index in identifying cardiac dysfunction among 
patients with type 2 diabetes mellitus. 
 
MATERIALS AND METHODS 

Study Design and Setting: This hospital-based observational cross-sectional study was conducted in the Department of 
Cardiology, NRI Medical College and Hospital, Mangalagiri, Andhra Pradesh, India, over a period of 18 months from June 
2021 to November 2022. The study protocol was approved by the Institutional Ethics Committee, and written informed 
consent was obtained from all participants before enrolment. 
 
Study Population: Patients with type 2 diabetes mellitus attending the outpatient departments of General Medicine and 

Cardiology during the study period were screened for eligibility. A total of 142 patients were screened, of whom 100 
patients fulfilled the inclusion criteria and were enrolled in the study. 
 
Sample Size: The sample size was calculated based on the prevalence of diabetic cardiomyopathy reported by Dandamudi 
et al. [81], which was estimated to be 1.1% among the Indian population. Using the population survey formula: 
 

N = Z²PQ/E² 
 
with a confidence level of 90% and an allowable error of 2%, the minimum required sample size was calculated to be 75. 
To improve the statistical power and account for potential exclusions, a total of 100 patients were included in the study. 
 

Inclusion Criteria: Patients fulfilling all the following criteria were included: 

• Age between 30 and 70 years; 
• Diagnosed cases of type 2 diabetes mellitus; 
• No previous history of cardiac illness; 
• Willingness to participate in the study with provision of written informed consent. 
 

Exclusion Criteria: Patients with any of the following conditions were excluded: 

• Hypertension; 
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• History of chronic alcoholism; 

• Valvular heart disease; 
• Regional wall motion abnormalities on echocardiography. 
 

Study Procedure: Demographic and clinical data, including age, sex, and relevant clinical history, were recorded for all 
participants. A detailed clinical examination was performed, followed by standard 12-lead electrocardiography. 
Comprehensive transthoracic echocardiography was performed using a Philips Affiniti Series echocardiography machine 

equipped with an S5-1 transducer. Two-dimensional and M-mode echocardiographic measurements included left 
ventricular end-diastolic dimension (LVEDD), left ventricular end-systolic dimension (LVESD), fractional shortening 
(FS), and left ventricular ejection fraction (LVEF). Conventional Doppler echocardiography was used to measure 
transmitral flow velocities, including early diastolic (E wave) and late diastolic (A wave) velocities, and the E/A ratio was 
calculated. Tissue Doppler imaging was performed to obtain the early diastolic mitral annular velocity (e′). 
 

Assessment of TEI Index: The left ventricular Myocardial Performance Index (MPI), also known as the TEI index, was 
assessed using pulsed-wave Doppler echocardiography. Doppler recordings were obtained from the apical five-chamber 
view, with the sample volume positioned midway between the mitral and aortic valves, enabling simultaneous recording 
of mitral inflow and aortic outflow signals. 
 
The TEI index was calculated using the formula: 

 

TEI Index = (Isovolumic Contraction Time + Isovolumic Relaxation Time) / Ejection Time 
or 
TEI Index = (ICT + IRT)/ET 
 
Higher TEI index values were considered indicative of impaired global myocardial performance. 

 

Assessment of Diastolic Dysfunction: Left ventricular diastolic dysfunction was assessed using conventional transmitral 
Doppler and tissue Doppler parameters and was classified according to standard echocardiographic criteria. 
 
Statistical Analysis: Data were entered into Microsoft Excel and analyzed using appropriate statistical software. 
Continuous variables were expressed as mean  ±standard deviation (SD), whereas categorical variables were presented as 

frequencies and percentages. Comparisons between groups were performed using Student's t-test or analysis of variance 
(ANOVA), as appropriate. A p-value of less than 0.05 was considered statistically significant. 
 
RESULTS 

A total of 142 patients with type 2 diabetes mellitus were screened, of whom 100 patients fulfilled the eligibility criteria 
and were included in the final analysis. Diastolic dysfunction was observed in 60% of the study population, with grade I 

dysfunction being the most common subtype. Systolic dysfunction was identified in 18% of patients. The prevalence and 
severity of cardiac dysfunction increased with longer duration of diabetes, poorer glycemic control, and higher TEI index 
values. 
 

Table 1. Baseline demographic and clinical characteristics of the study population (N = 100) 

Characteristic Frequency (%) 

Age group (years)  

41–50 17 (17.0) 

51–60 65 (65.0) 

61–70 18 (18.0) 

Gender  

Male 64 (64.0) 

Female 36 (36.0) 

Smokers 39 (39.0) 

Systolic dysfunction present 18 (18.0) 

Diastolic dysfunction present 60 (60.0) 

 

The majority of participants were aged between 51 and 60 years and were male. Nearly two-thirds of the study population 
had evidence of diastolic dysfunction. 
 

Table 2. Distribution of diastolic dysfunction grades 

Grade Description Frequency (%) 
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N Normal diastolic function 40 (40.0) 

A Grade I diastolic dysfunction 47 (47.0) 

B Grade II diastolic dysfunction 9 (9.0) 

C Grade III diastolic dysfunction 4 (4.0) 

 
Grade I diastolic dysfunction represented the predominant pattern of cardiac involvement, whereas severe diastolic 
dysfunction was uncommon. 
 

Table 3. Clinical characteristics according to diastolic dysfunction grade 

Parameter Grade A Grade B Grade C Normal p-value 

Duration of diabetes (years), mean ± SD 10.09 ± 3.79 7.56 ± 1.51 11.25 ± 2.22 5.43 ± 1.92 0.001 

HbA1c (%) 9.16 9.39 9.53 7.99 <0.001 

BMI (kg/m²) — — — — 0.002 

 
Patients with diastolic dysfunction had significantly longer duration of diabetes and poorer glycemic control compared 
with those with normal diastolic function. BMI was also significantly higher among patients with diastolic dysfunction. 
 

Table 4. Echocardiographic parameters according to diastolic dysfunction grade 

Parameter Grade A Grade B Grade C Normal p-value 

Ejection fraction (%) 66.9 ± 5.2 59.1 ± 8.4 49.0 ± 7.5 71.2 ± 4.3 <0.001 

E/A ratio Significant difference observed    <0.001 

 
A progressive decline in left ventricular systolic function was observed with increasing severity of diastolic dysfunction. 
Patients with severe diastolic dysfunction demonstrated the lowest mean ejection fraction values. 
 

Table 5. TEI index according to diastolic dysfunction grade 

Group Mean TEI index ± SD 

Grade A 0.438 ± 0.011 

Grade B 0.498 ± 0.037 

Grade C 0.558 ± 0.017 

Normal 0.399 ± 0.020 

ANOVA p-value: <0.001 
 

The TEI index increased progressively with worsening grades of diastolic dysfunction, indicating impaired global 
myocardial performance among patients with advanced cardiac dysfunction. 
 

Table 6. Diagnostic performance of TEI index in detecting cardiac dysfunction 

Parameter Value (%) 

Cut-off value ≥0.42 

Sensitivity 93.55 

Specificity 94.74 

Positive predictive value 96.67 

Negative predictive value 90.00 

Diagnostic accuracy 94.00 

 
Receiver operating characteristic analysis demonstrated excellent diagnostic performance of the TEI index for detecting 
cardiac dysfunction in patients with type 2 diabetes mellitus. 

 
DISCUSSION 

The present hospital-based cross-sectional study evaluated the role of the TEI index in identifying cardiac dysfunction 
among patients with type 2 diabetes mellitus. The study demonstrated that cardiac dysfunction was common among 
asymptomatic diabetic patients, with diastolic dysfunction observed in 60% and systolic dysfunction in 18% of the study 
population. Grade I diastolic dysfunction constituted the majority of cases, whereas severe diastolic dysfunction was 

relatively uncommon. These findings support the concept that diabetic cardiomyopathy initially manifests as diastolic 
dysfunction and subsequently progresses to systolic dysfunction in the absence of coronary artery disease, hypertension, 
and valvular heart disease [14-17]. 
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The prevalence of cardiac dysfunction observed in the present study is consistent with previous studies that reported a high 
burden of subclinical cardiac dysfunction among patients with type 2 diabetes mellitus [18,19]. Zabalgoitia et al. [20] and 
Boyer et al. [21] also demonstrated a high prevalence of asymptomatic left ventricular diastolic dysfunction among 
normotensive diabetic patients. Furthermore, the duration of diabetes was significantly associated with the severity of 
diastolic dysfunction in our study, suggesting that prolonged exposure to hyperglycemia contributes to progressive 
myocardial damage. Similar observations were reported by Goroshi et al. [22], who observed a significant association 

between duration of diabetes and worsening grades of cardiac dysfunction. 
 
In the present study, patients with diastolic dysfunction had significantly higher HbA1c levels compared to patients with 
normal diastolic function. Previous studies have shown that poor glycemic control contributes to myocardial fibrosis, 
oxidative stress, accumulation of advanced glycation end products, and impaired myocardial relaxation, ultimately leading 
to diabetic cardiomyopathy [23-27]. The observed association between elevated HbA1c levels and worsening cardiac 

function in our study further supports the role of chronic hyperglycemia in the pathogenesis of diabetic myocardial 
dysfunction. 
 
We observed a progressive decline in left ventricular ejection fraction with increasing severity of diastolic dysfunction. 
Although conventional echocardiographic parameters remain useful, they may fail to detect early myocardial impairment 
in asymptomatic diabetic patients [28]. In contrast, the TEI index provides a comprehensive assessment of global 

myocardial performance by simultaneously evaluating both systolic and diastolic function [29-31]. The mean TEI index 
increased progressively with the severity of cardiac dysfunction and demonstrated excellent diagnostic performance, with 
a sensitivity of 93.55%, specificity of 94.74%, and diagnostic accuracy of 94% at a cut-off value of ≥0.42. 
 
Our findings are comparable with those reported by Goroshi et al. [22], who demonstrated excellent diagnostic performance 
of the TEI index in identifying cardiac dysfunction among diabetic patients. Similarly, Al-Daydamony et al. [32] reported 

that myocardial performance index could effectively identify subclinical cardiac dysfunction in asymptomatic patients with 
type 2 diabetes mellitus. The high diagnostic accuracy observed in the present study suggests that the TEI index may serve 
as a simple, reproducible, and non-invasive screening tool for the early detection of diabetic cardiomyopathy. 
 
Overall, the findings of the present study emphasize the importance of early cardiovascular evaluation in patients with type 
2 diabetes mellitus and support the use of the TEI index as a valuable echocardiographic parameter for the detection of 

subclinical cardiac dysfunction. 
 
CONCLUSION 

The present study demonstrated that subclinical cardiac dysfunction is highly prevalent among patients with type 2 diabetes 
mellitus, even in the absence of hypertension, coronary artery disease, and valvular heart disease. Diastolic dysfunction 
was observed in 60% of the study population, with grade I diastolic dysfunction being the most common manifestation, 

while systolic dysfunction was present in 18% of patients. Longer duration of diabetes, poor glycemic control, and 
worsening echocardiographic parameters were significantly associated with the severity of cardiac dysfunction. The TEI 
index showed a progressive increase with advancing grades of diastolic dysfunction and demonstrated excellent diagnostic 
performance, with high sensitivity, specificity, and overall diagnostic accuracy. These findings suggest that the TEI index 
is a simple, reproducible, non-invasive, and clinically useful echocardiographic parameter for the early detection of diabetic 
cardiomyopathy and may be incorporated into routine cardiovascular assessment of patients with type 2 diabetes mellitus. 

 

DECLARATIONS 

Ethics Approval and Consent to Participate: The study was approved by the Institutional Ethics Committee of NRI 
Medical College and Hospital, Mangalagiri. Written informed consent was obtained from all participants prior to 
enrolment. 
 

Consent for Publication: Not applicable. 
Availability of Data and Materials: The datasets used and analyzed during the current study are available from the 
corresponding author on reasonable request. 
Competing Interests: The authors declare that they have no competing interests. 
Funding: No external funding was received for this study. 
Authors' Contributions: All authors contributed to the conception, study design, data collection, analysis, interpretation 

of data, manuscript preparation, and final approval of the manuscript. 
 

Acknowledgements: The authors acknowledge the support of the Department of Cardiology, NRI Medical College and 
Hospital, Mangalagiri, and thank all study participants for their cooperation. 
 

REFERENCES 

1. World Health Organization. Diabetes. Geneva: World Health Organization; 2023. 



Dr. Venkatesh Reddy Sathi et al. ROLE OF TEI INDEX IN IDENTIFYING CARDIAC DYSFUNCTION AMONG DIABETIC 

PATIENTS. Int. J Med. Pharm. Res., 7 (3): 4918‐4923, 2026 
4923 

 

2. World Health Organization. The top 10 causes of death. Geneva: World Health Organization; 2023. 

3. Kannel WB, McGee DL. Diabetes and cardiovascular disease: the Framingham study. JAMA. 1979;241:2035–2038. 
4. Rubler S, Yuceoglu YZ, Kumral T, Grishman A, Branwood AW, Dlugash J. New type of cardiomyopathy associated 

with diabetic glomerulosclerosis. Am J Cardiol. 1972;30:595–602. 
5. Larghat AM, Swoboda PP, Biglands JD, Kearney MT, Greenwood JP, Plein S. The microvascular effects of insulin 

resistance and diabetes on cardiac structure, function, and perfusion: a cardiovascular magnetic resonance study. Eur 
Heart J Cardiovasc Imaging. 2014;15:1368–1376. 

6. Khan JN, Wilmot EG, Leggate M, et al. Subclinical diastolic dysfunction in young adults with type 2 diabetes mellitus: 
a multiparametric contrast-enhanced cardiovascular magnetic resonance pilot study assessing potential mechanisms. 
Eur Heart J Cardiovasc Imaging. 2014;15:1263–1269. 

7. Lee WS, Kim J. Diabetic cardiomyopathy: where we are and where we are going. Korean J Intern Med. 2017;32:404–
421. 

8. Karnik AA, Fields AV, Shannon RP. Diabetic cardiomyopathy. Curr Hypertens Rep. 2007;9:467–473. 

9. Hayat SA, Patel B, Khattar RS, Malik RA. Diabetic cardiomyopathy: mechanisms, diagnosis and treatment. Clin Sci 
(Lond). 2004;107:539–557. 

10. Lundbaek K. Diabetic angiopathy: a specific vascular disease. Lancet. 1954;266:377–379. 
11. Bertoni AG, Tsai A, Kasper EK, Brancati FL. Diabetes and idiopathic cardiomyopathy: a nationwide case-control 

study. Diabetes Care. 2003;26:2791–2795. 
12. Rawshani A, Rawshani A, Franzén S, Sattar N, et al. Risk factors, mortality, and cardiovascular outcomes in patients 

with type 2 diabetes. N Engl J Med. 2018;379:633–644. 
13. Stahrenberg R, Edelmann F, Mende M, et al. Association of glucose metabolism with diastolic function along the 

diabetic continuum. Diabetologia. 2010;53(7):1331–1340. 
14. Rubler S, Yuceoglu YZ, Kumral T, Grishman A, Branwood AW, Dlugash J. New type of cardiomyopathy associated 

with diabetic glomerulosclerosis. Am J Cardiol. 1972;30:595–602. 
15. Kannel WB, Hjortland M, Castelli WP. Role of diabetes in congestive heart failure: the Framingham study. Am J 

Cardiol. 1974;34:29–34. 
16. Tarquini R, Lazzeri C, Pala L, Rotella CM, Gensini GF. Clinical approach to diabetic cardiomyopathy: a review of 

human studies. Curr Med Chem. 2018;25:1510–1524. 
17. Bouthoorn S, Valstar GB, Gohar A, et al. The prevalence of left ventricular diastolic dysfunction and heart failure with 

preserved ejection fraction in men and women with type 2 diabetes: a systematic review and meta-analysis. Diab Vasc 
Dis Res. 2018;15:477–493. 

18. Konduracka E, et al. Myocardial dysfunction and chronic heart failure in patients with long-lasting type 1 diabetes: a 
7-year prospective cohort study. Acta Diabetol. 2013;50:597–606. 

19. Jia G, Hill MA, Sowers JR. Diabetic cardiomyopathy: an update of mechanisms contributing to this clinical entity. 
Circ Res. 2018;122:624–638. 

20. Zabalgoitia M, Ismaeil MF, Anderson L, Maklady FA. Prevalence of diastolic dysfunction in normotensive, 
asymptomatic patients with well-controlled type 2 diabetes mellitus. Am J Cardiol. 2001;87:320–323. 

21. 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. 

22. Goroshi M, Chand D. Myocardial Performance Index (TEI Index): A simple tool to identify cardiac dysfunction in 
patients with diabetes mellitus. Indian Heart J. 2016;68(1):83–87. 

23. Brunvand L, et al. Advanced glycation end products in children with type 1 diabetes and early reduced diastolic heart 
function. BMC Cardiovasc Disord. 2017;17:133. 

24. Nunes S, Soares E, Pereira F, Reis F. The role of inflammation in diabetic cardiomyopathy. Int J Interferon Cytokine 
Mediator Res. 2012;4:59–73. 

25. Kenny HC, Abel ED. Heart failure in type 2 diabetes mellitus. Circ Res. 2019;124:121–141. 
26. Al Kury L, et al. Calcium signaling in the ventricular myocardium of the Goto-Kakizaki type 2 diabetic rat. J Diabetes 

Res. 2018;2018:2974304. 
27. Maack C, et al. Heart failure and diabetes: metabolic alterations and therapeutic interventions: a state-of-the-art review 

from the Translational Research Committee of the Heart Failure Association-European Society of Cardiology. Eur 
Heart J. 2018;39:4243–4254. 

28. Edvardsen T, Helle-Valle T, Smiseth OA. Systolic dysfunction in heart failure with normal ejection fraction. Prog 
Cardiovasc Dis. 2006;49:207–214. 

29. Tei C, Ling LH, Hodge DO, et al. New index of combined systolic and diastolic myocardial performance: a simple 
and reproducible measure of cardiac function—a study in normals and dilated cardiomyopathy. J Cardiol. 

1995;26:357–366. 
30. Shingu Y, Amorim P, Nguyen TD, Mohr FW, Schwarzer M, Doenst T. Myocardial performance (Tei) index is normal 

in diastolic and systolic heart failure induced by pressure overload in rats. Eur J Echocardiogr. 2010;11(10):829–833. 
31. Johnson Francis. TEI index (myocardial performance index). Available from: Johnsonfrancis.org. 
32. Al-Daydamony MM, El-Tahlawi MA, Shawky A. Can myocardial performance index predict the presence of silent 

ischemia in asymptomatic type 2 diabetic patients? Echocardiography. 2016;33(12):1823–1827. 


