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Abstract  

Background: Diabetes is one of the most common chronic diseases worldwide. 

Cardiovascular diseases, including coronary heart disease and heart failure, 

contribute to the mortality of patients with diabetes. This study aimed to 

investigate the relationship between the pulse pressure index and left ventricular 

diastolic dysfunction in individuals with type 2 diabetes and to explore its 

potential as an indicator of this condition in outpatient settings. Materials and 

Methods: This observational study was conducted in Govt. Rajaji Hospital and 

Medical College, Madurai, involving 50 patients with diabetes from August 

2021 to November 2021. Echocardiographic evaluations included two-

dimensional imaging, pulsed tissue Doppler imaging, and left ventricular 

ejection fraction (LVEF). Blood urea, serum creatinine, random blood sugar, 

urine albumin, urine sugar, urine protein, and complete blood count samples 

were collected, and 12 lead electrocardiograms were obtained for all patients. 

Result: Of the 50 patients, 35 were males, and 15 were female. The relationship 

between proton pump inhibitors (PPI), E/A, and E/e with left ventricular 

diastolic dysfunction (LVDD) among diabetic patients showed a positive 

correlation, which was statistically significant (p<0.001). PPI ≥0.373 was 

considered a predictor of LVDD in diabetic patients (p <0.001) with a sensitivity 

of 93%, specificity of 66% and an area under the ROC curve (AUC) of 0.944. 

Conclusion: This study concludes that the pulse pressure index and left 

ventricular diastolic dysfunction are directly related in patients with type 2 

diabetes mellitus. Therefore, it may be a useful predictor of left ventricular 

diastolic dysfunction. 

 
 

 

INTRODUCTION 
 

Diabetes is one of the most common chronic diseases 

worldwide, affecting an estimated 6.4% of the adult 

population globally. The increase in the incidence 

and prevalence of type 2 diabetes can be attributed to 

the increase in population age, obesity, and physical 

inactivity.[1,2] The emergence of type 2 diabetes as a 

global pandemic is one of the major challenges to 

human health in the 21st century. Long considered a 

disease of affluent Western countries, type 2 DM has 

now spread to every corner of the world. Indeed, 

there are now more people with diabetes residing in 

emerging economies than in industrialised 

nations.[3,4] 

Cardiovascular disease remains the main comorbid 

condition that contributes to mortality in patients with 

diabetes. This occurs most commonly in the form of 

coronary heart disease but also the incremental risk 

associated with diabetes for cerebrovascular disease, 

peripheral vascular disease, and heart failure. Heart 

failure (HF) is a common, costly, disabling, and 

potentially lethal condition. Approximately 2% of 

adults suffer from heart failure, but in those over the 

age of 65, this increases to 6–10%; the condition 

usually worsens with time.[5,6] Heart failure is the 

leading cause of hospitalisation in people older than 

65 years. Although some people survive for many 

years, progressive disease is associated with an 

overall annual mortality rate of 10%.[7,8] Heart failure 

[HF] is classified as HF with decreased ejection 

fraction and HF with normal ejection fraction (DHF). 

DHF has a prevalence of almost 50% of total heart 

failure and is increasing in incidence every year, thus 

causing a high burden to the community and health 

care.[9] Even though earlier studies showed a better 

prognosis for DHF, recently concluded various 

studies have indicated morbidity and mortality 

similar to HF with decreased EF.[6,10,11] In addition to 

the traditional causes of DHF, such as hypertension, 

aortic stenosis, etc. Diabetes is a cause of diastolic 

dysfunction; hence, DHF has been increasingly 

recognised in recent years. Various studies have 
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shown that the prevalence of diastolic dysfunction is 

55–65% among diabetic individuals. With the 

increasing incidence of diabetes, longevity, sedentary 

lifestyle, and obesity, diabetes is a major cause of 

DHF. In particular, these individual risk factors most 

often co-exist.[12,13] With this background, the 

presence of diastolic dysfunction in patients with 

diabetes was studied in our hospital. 

AIM 

This study aimed to investigate the relationship 

between the pulse pressure index and left ventricular 

diastolic dysfunction in individuals with type 2 

diabetes at Govt Rajaji Hospital and Madurai 

Medical College, exploring its potential as an 

indicator of the condition in outpatient settings. 
 

MATERIALS AND METHODS 

 

This observational study was conducted in the Govt. 

Rajaji Hospital and Medical College, Madurai, 

involving 50 patients with diabetes from August 2021 

to November 2021. The study received approval from 

the institutional ethics committee before its initiation. 

Inclusion Criteria 

This study included patients diagnosed with type 2 

diabetes mellitus for >5 years, aged < 50 years, and 

not taking any antihypertensive drugs.  

Exclusion Criteria 

Patients with systemic hypertension, valvular heart 

disease, restrictive cardiomyopathy, coronary artery 

disease, congestive heart failure, ejection fraction 

less than 50%, poor echo window, not in sinus 

rhythm, and diabetic macrovascular and 

microvascular complications were excluded. 

The BP measurements were obtained only after the 

echocardiography examination with the patient in the 

supine position and after a rest period of at least 15 

min. The BP measuring instrument used was an 

Omron digital BP apparatus using an oscillometric 

automatic measurement method. BP was measured 

twice for each patient; bilateral BP values were 

obtained in both arms, and a higher value was used 

for the analysis. Well-controlled BP was defined as 

Systolic BP < 140 mmHg and Diastolic BP < 90 

mmHg, while poorly controlled BP was defined as 

systolic BP≥ 140 mmHg or diastolic BP>90 mmHg. 

Echocardiographic evaluations were performed by a 

single trained and experienced cardiologist using 

transthoracic echocardiography. All patients 

breathed quietly and in the classical left-lateral 

position during echo assessment. Two-dimensionally 

guided M-mode and two-dimensional images were 

recorded. The probe was placed at the tips of the 

mitral leaflets to obtain the left ventricular inflow 

pattern and waveforms in an apical four-chamber 

view. A pulsed tissue Doppler image (TDI) was 

obtained with the probe placed at the septal and 

lateral corners of the mitral valve annulus in an apical 

four-chamber view. The study defined LVDD as an 

E to transmitral A wave velocity (A) ratio ≥0.9 or 

E/Ea (E/e') ≥15. Left ventricular ejection fraction was 

measured using the modified Simpson method. 

Blood urea, serum creatinine, random blood sugar, 

urine albumin, urine sugar, urine protein, and 

complete blood count samples were collected, and 12 

lead electrocardiograms were obtained for all 

patients. 

Statistical Analysis 

Statistical analyses were performed using IBM SPSS 

version 26 (SPSS Inc., Chicago, IL, USA). 

Descriptive statistics were computed. Data were 

tested for normality using the Shapiro-Wilk 

normality test. Due to skewed data levels, the Mann-

Whitney U test was used for between-group analysis. 

The Kruskal–Wallis test was used to analyse the 

relationship between cholesterol levels and PPI. The 

chi-square test was used to analyse categorical 

variables. Spearman's rank correlation test was used 

to analyse the relationship between cholesterol and 

PPI. The receiver operating characteristic (ROC) 

curve was used to determine the marker's (PPI) cut-

off point for predicting LVDD. Statistical 

significance was set at p < 0.05. 

 

RESULTS 

 

Of the 50 patients, 35 were males and 15 were female. 

There were no significant differences in age, systolic 

BP, RBS, and LVEF between the LVDD groups 

(p>0.05). A significant difference was observed in 

diastolic BP, pulse pressure, PPI, cholesterol, E/A, 

and E/e' between LVDD (p<0.001) [Table 1]. 

 

 
Figure 1: ROC curve for LVDD 

 

This study showed that the mean age of patients with 

diastolic dysfunction was less than that of diabetic 

patients without diastolic dysfunction. The mean age 

of patients without diastolic dysfunction was 36 

years, whereas the mean age of patients with diastolic 

dysfunction was 35.8. 

Of the 35 males, seven patients had left ventricular 

diastolic dysfunction, and 28 did not. Of the 15 

females, eight patients had left ventricular diastolic 

dysfunction. This study revealed that left ventricular 

diastolic dysfunction was common in females. Pulse 
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pressure was lower in patients without left ventricular 

diastolic dysfunction. The Pulse Pressure Index was 

elevated in the patients with left ventricular diastolic 

dysfunction. The patients with a lower pulse pressure 

index did not have diastolic dysfunction. 

The relationship between proton pump inhibitors 

(PPI) and left ventricular diastolic dysfunction 

(LVDD) among diabetic patients showed a positive 

correlation (r=0.646), which was statistically 

significant (p<0.001). The relationship between E/A 

and LVDD among patients with diabetes showed a 

positive correlation (r=0.536), which was statistically 

significant (p<0.001). The relationship between E/e' 

and LVDD among diabetic patients showed a 

positive correlation (r=0.626) which was statistically 

significant (p<0.001) [Table 2]. 

PPI equal to or greater than 0.373 was considered as 

a predictor factor for LVDD in diabetic cases (p 

<0.001**) with a sensitivity of 93% and specificity 

of 66%, and area under the ROC curve (AUC) of 

0.944 [Table 3 and Figure 1]. 

 

Table 1: Age and biochemical parameters of the study population 

  LVDD P-value 

LVDD -ve LVDD +ve 

Age 36±2.7 35.8±2.9 0.798 

Systolic Bp 119.9±11.1 123.9±10 0.258 

Diastolic Bp 79.3±9.3 67.2±6 0.001* 

Pulse Pressure 40.7±7.5 56.8±7.3 0.001* 

Pulse Pressure Index 0.3±0.1 0.5±0.0 0.001* 

RBS 119.9±19 127.6±20.5 0.231 

Cholesterol 142.1±18.2 188.2±16 0.001* 

LVEF 59.6±4.1 59.7±4.1 0.839 

E/A 0.8±0.1 1.2±0.2 0.001* 

E/e' 13.5±1 18.6±2.6 0.001* 

 

Table 2: Correlations between pulse pressure index, E/A, and E/e’ of the study population  
Cholesterol 

Pulse Pressure Index Pearson Correlation .646** 

P value  0 

E/A Pearson Correlation 0.536** 

P value  0.001 

E/e' Pearson Correlation .626** 

P value  0.001 

 

Table 3: The area under the curve and ROC curve for early prediction of markers for LVDD of the study population 

Area Under the Curve Predictor marker 

Test Result Variable(s) Area P value Cut Off value Sensitivity (%) Specificity (%) 

PPI 0.944  0.001* ≥0.373 93% 66% 

 

DISCUSSION 
 

In our study, of the 50 patients, there were 35 males 

and 15 females. The mean pulse pressure index of the 

study was 0.3 in the LVDD-ve cases and 0.5 in the 

LVDD+ve groups. This study showed that the mean 

age of patients with diastolic dysfunction was less 

than that of diabetic patients without diastolic 

dysfunction. The mean age of patients without 

diastolic dysfunction was 36 years, whereas the mean 

age of patients with diastolic dysfunction was 35.8. 

Of the 35 males, seven patients had left ventricular 

diastolic dysfunction, and 28 did not. Of the 15 

females, eight patients had left ventricular diastolic 

dysfunction. This study revealed that left ventricular 

diastolic dysfunction was common in females.  

Systolic BP of the study population was compared 

between patients with and without left ventricular 

diastolic dysfunction. This study revealed that 

elevated SBP is common in left ventricular diastolic 

dysfunction patients with LVDD. Diastolic BP was 

compared in the study population in the presence and 

absence of diastolic dysfunction. This study revealed 

that diastolic blood pressure decreases in left 

ventricular diastolic dysfunction patients. Pulse 

pressure was compared in the study population 

between patients with and without diastolic 

dysfunction. This study revealed that pulse pressure 

is elevated in patients with left ventricular diastolic 

dysfunction and is lower in patients without left 

ventricular diastolic dysfunction.  

The pulse pressure index was compared between 

patients with and without left ventricular diastolic 

dysfunction. This study found that the pulse pressure 

index was elevated in patients with left ventricular 

diastolic dysfunction. The patients with a lower pulse 

pressure index did not have diastolic dysfunction. 

This is consistent with the results of previous studies. 

The relationship between the pulse pressure index 

and left ventricular diastolic dysfunction among 

patients with diabetes showed a positive correlation 

(r=0.646), which was statistically significant 

(p<0.001). 

 

CONCLUSION 
 

The study concludes that the pulse pressure index and 

left ventricular diastolic dysfunction are directly 
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related in patients with type 2 diabetes mellitus. 

Therefore, it may be a useful predictor of left 

ventricular diastolic dysfunction. 

Limitations 

The pulse pressure index is a new concept, which is 

nascent, and the study population is small. No large 

general population studies have been conducted, and 

there is poor literature support. The American Heart 

Association (AHA) recommends using four 

parameters for assessing Diastolic Dysfunction: Left 

Atrial Pressure, E/A, E to A wave ratio, Deceleration 

Time, and E/e'. The AHA recommends measuring all 

four parameters and diagnosing LVDD only when 

two or more parameters are met. In this study, only 

E/e' (E/Ea) was used. 
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