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INTRODUCTION 
Diabetes mellitus (DM) is a metabolic condition caused by a 
deficiency in insulin production, action, or both. Insulin insufficiency 
causes persistent hyperglycaemia, which disrupts carbohydrate, lipid, 
and protein metabolism. As the condition advances, tissue or vascular 
damage occurs, leading to serious diabetes consequences such as 
retinopathy, neuropathy, nephropathy, cardiovascular problems, and 
ulceration. Thus, diabetes encompasses a wide spectrum of diverse 

 1disorders . Type 2 diabetes (T2DM) is a global epidemic. Diabetes was 
anticipated to affect 9.3% (463 million) of the global population in 
2019, and this figure is expected to rise to 10.2% (578 million) by 2030 
and 10.9% (700 million) by 2045. T2DM makes up around 90% of the 
total, with an expected 520 million cases by 2030 and 630 million by 

22045 . Cardiovascular disease is the leading cause of death in people 
with DM, but much of the population remains unaware of the risk, and 
this is compounded by the fact that many diabetic individuals are 

3unaware that they suffer from the metabolic disorder . Diastolic 
dysfunction, defined as a reduction in the heart's ability to relax and fill 
during diastole, is a prominent cardiac anomaly in T2DM patients. It 
can cause or contribute to the development of heart failure with 
preserved ejection fraction (HFpEF), posing a significant risk even in 

4the absence of overt cardiovascular disease and hypertension . 
Diastolic dysfunction of the left ventricle is an important cause of 
cardiac morbidity and appears to be one of the earliest detectable 
abnormalities in a number of disorders. With the advent of 
echocardiography, it is now possible to examine more directly the 
pattern of left ventricular filling. Doppler method has appeal because it 
provides a beat-by-beat assessment of ventricular filling without 

5hemodynamic impact and is relatively simple to use . Hence present 
study is undertaken to evaluate grades of diastolic dysfunction and its 
correlation with severity of T2DM with the help of 2D echo-
cardiography.

MATERIALS AND METHODS
The present study was carried out on 132 patients with DM type II 
without Hypertension and Cardiovascular symptoms were studied.  
following approval from the ethics committee.

Inclusion Criteria
a) Patient >18 years of age.
b) All Patients Diagnosed with Type 2 Diabetes Mellitus without 

Cardiovascular Symptoms
c) Patient who will be willing to give informed consent.

Exclusion Criteria
a) All Patients diagnosed with Type 1 Diabetes Mellitus.
b) Patients with shock or severe sepsis 
c) Patients with multiorgan failure

A detailed history with special reference to the Cardiovascular System 
was taken. A thorough clinical examination was performed with 
emphasis on the Cardiovascular System. At admission, Blood Sugar 
levels Random, fasting and post prandial for patients with empty 
stomach where obtained. HbA1C levels were measured by 
immunoturbidimetric method of estimating HbA1C, and HbA1C 
levels above 6.71 is considered high.

Echocardiography-All studies were carried out by using a 
commercially available echocardiography machine Phillips using 3.5 
MHz to 5 MHZ transducer.

Mode measurements were obtained according to American society of 
Echocardiography guidelines. The transducer was placed in the left 
parasternal, apical and subcostal areas of chest and the parasternal long 
axis and short axis were taken to record various dimensions and 
measurements. At least three recordings with their mean were taken.

Echocardiographic Measurements
For the systolic and diastolic function of the left ventricle following 
measurements were done (in four chamber view).

A. Systolic Function:
In the present study following parameters were used to assess left 
ventricular systolic function.
1.  Fractional shortening (FS)
2.  Ejection fraction (EF)

B. Diastolic Function
Diastolic function of left ventricle is best assessed by evaluating the 
mitral in flow velocity curves (MIVC) by Echo-Doppler techniques. In 
this study the following parameters were used to assess LV diastolic 
dysfunction.
1.  Mitral 'E' velocity (Peak velocity of early mitral flow)
2.  Mitral 'A' velocity (Peak velocity of late (atrial) mitral flow)
3.  Mitral E/A ratio (Normal 1-2)
4.  Isovolumic relaxation time (IVRT) (Norm 60-100 msec)
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5.  Deceleration time of mitral 'E' curve (DT of E) (Norm 150-200 
msec)

Mitral flow velocities were measured by pulsed wave Doppler with 
sample volume placed between the leaflet tips. It is important to keep it 
between the leaflet tips as Doppler parameters are dependent on the 
sample volume location.

Statistical Analysis
The nominal data parameters were presented in percentage 
distribution form. Mean and standard deviation of Numerical 
parameters was presented. Percentage distribution of the parameters 
was compared using non-parametric test i.e. Pearsons's chi square test. 
Unpaired t test was used to test the equality of the means variance of the 
data within the groups was compared using ANOVA (Analysis of 
variance of means). The significance level of the comparative test was 
set to 95%, p value of less than 0.05 was considered significant, p < 
0.01 as highly significant. Data was analyzed using Statistical Product 
and service solution (SPSS version 16) software.

RESULTS 
In our study of 132 patients,
Grade 0:
Ÿ Seen in individuals with durations of DM ranging from 1 to 15 

years, with the highest count (5) observed in both 11 and 12 years.
Grade 1:
Ÿ The majority of cases are observed in the duration of 1 to 3 years 

(13, 13, and 16 cases, respectively).
Ÿ The number of cases decreases after 3 years, with no cases 

reported beyond 8 years.
Grade 2:
Ÿ Not observed in durations less than 5 years.
Ÿ Peaks at 8 years (11 cases) and is present in durations of 5, 6, 7, 8, 

and 9 years.
Grade 3:
Ÿ First observed at 10 years (4 cases) and peaks at 11 years (5 cases).
Ÿ Also appears at 15 years (3 cases).
Grade 4:
Ÿ The only cases are observed in durations of 10, 11, 12, and 13 

years, with the highest count (4) at 12 years.
Ÿ As the duration of diabetes mellitus increases, the severity of 

diastolic dysfunction also tends to increase, particularly with the 
emergence of higher grades (Grades 3 and 4).

Ÿ Early-stage diabetes is predominantly associated with Grade 1 
diastolic dysfunction, while longer durations are more associated 
with Grades 2, 3, and 4.

This indicates a possible progression of diastolic dysfunction severity 
with the duration of diabetes. (p value <0.05)

Table 1: Correlation of Duration of DM with Grades of Diastolic 
Dysfunction.

In our study of 132 patients, the table shows the distribution of patients 
depending on diastolic dysfunction grades (0–4) and BMI categories 
(Normal, Overweight, Moderately Obese, Severely Obese). The bulk 
of the 132 individuals are overweight 81(61%), followed by normal 
weight 37(28%), moderately obese 13(10%), and severely obese 
1(1%). Grade 1 diastolic dysfunction is the most common, especially 
among patients who are overweight, accounting for 32 cases. In 
contrast, grade 4 diastolic dysfunction is the least common, accounting 
for only 8 occurrences in the Overweight category The percentages 
show that overweight people had the highest rate of diastolic 
dysfunction, particularly grade 1 and 2. The distribution of diastolic 

dysfunction grades across BMI categories is statistically significant, as 
evidenced by a p-value < 0.05.

Table 2: Correlation of BMI in Patients of DM with Diastolic 
Dysfunction

In the present study of 132 patients,
The mean HbA1C levels appear to increase slightly with worsening 
diastolic dysfunction:
Ÿ For Grade 0, the mean HbA1C is 8.5550.
Ÿ For Grade 4, the mean HbA1C increases to 9.0750.

This trend suggests that as diastolic dysfunction worsens, HbA1C 
levels tend to increase. This could indicate that patients with more 
severe diastolic dysfunction have poorer glycemic control. (p value 
<0.05.

Table 3: Correlation of Patients of Diabetes Mellitus with Diastolic 
Dysfunction with HbA1C

DISCUSSION
In the present study of 132 patients, Grade 1: The majority of cases are 
observed in the duration of 1 to 3 years (13, 13, and 16 cases, 
respectively).
Grade 2: Peaks at 8 years (11 cases) and is present in durations of 5, 6, 
7, 8, and 9 years.
Grade 3: First observed at 10 years (4 cases) and peaks at 11 years (5 
cases).
Grade 4: The only cases are observed in durations of 10, 11, 12, and 13 
years, with the highest count (4) at 12 years. Overall patients belonged 
to 1-5 years duration was 51(38.5%), 6-10 years duration where 
38(28.7%) and 11-15 years duration were 43(32.6%), maximum being 
in the 1-5 years duration (38.5%).As per Noh et al., 2010, When 
participants were classified into four groups based on the duration of 
diabetes (≤ 1, >1 and ≤ 5, > 5 and ≤ 10, > 10 years), the frequency of LV 
diastolic dysfunction increased with increasing duration of diabetes 
after adjusting for age, sex, and BMI which was consistent with our 

6study  As per Kikkeri Gowdaiah et al., 2014, stated patients with Type 
2 Diabetes mellitus with diastolic dysfunction, 21(42%) patients with 
less than 5 years duration of diabetes and 20(40%) patients with 5-10 

7years duration of diabetes . So, our study concurrence with the above 
study.

In the present study of 132 patients, depending on diastolic 
dysfunction grades (0–4) and BMI categories (Normal, Overweight, 
Moderately Obese, Severely Obese). The bulk of the 132 individuals 
are overweight 81(61%), followed by normal weight 37(28%), 
moderately obese 13(10%), and severely obese 1(1%). Grade 1 
diastolic dysfunction is the most common, especially among patients 
who are overweight, accounting for 32 cases. In contrast, grade 4 
diastolic dysfunction is the least common, accounting for only 8 
occurrences in the Overweight category The percentages show that 
overweight people had the highest rate of diastolic dysfunction, 
particularly grade 1 and 2. Overall mean BMI being BMI (27.1 ± 2.5). 
Which was consistent with Singh et al., 2017, who stated patients with 
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Type 2 Diabetes mellitus with diastolic dysfunction, mean BMI was 30 
8± 6 , As per Jørgensen et al., 2016, stated patients with Type 2 Diabetes 

mellitus with diastolic dysfunction, mean BMI was 30.1 ± 2.9 which 
9was concurrent with our study .

The overall mean HbA1c across all groups is 8.6735%, which is above 
the recommended target for HbA1c in individuals with diabetes 
(typically <7.0%). The total standard deviation (1.06827) indicates 
that there is moderate variability in HbA1c levels across the entire 
sample of 132 individuals. The overall range of HbA1c levels (6.80% 
to 12.40%) indicates a significant difference in glycaemic control 
among the study population. As per Nakai et al., 2009, stated patients 
with Type 2 Diabetes mellitus with diastolic dysfunction, mean 

10HbA1C was 8.1 ± 2.3 which was consistent with this study , As per 
Sarkar & Debbarma 2022, stated patients with Type 2 Diabetes 
mellitus with diastolic dysfunction, mean HbA1C was 8.7572 ± 

111.5427 .

CONCLUSION
In the present study of 132 patients of type 2 Diabetes Mellitus, BMI, 
HbA1C have positive correlation with duration of diabetes mellitus. 
Thus, we can conclude that diabetes mellitus has direct correlation 
with severity of diastolic dysfunction.
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