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Abstract

Background: Type 2 diabetes mellitus (T2DM) is associated with an increased risk of
cardiovascular complications due to structural and functional myocardial changes.
Echocardiography is a reliable, noninvasive imaging modality for detecting early cardiac
abnormalities before the onset of symptomatic heart disease. This study evaluated
echocardiographic changes and their association with demographic and clinical
characteristics in patients with T2DM. Methods: A hospital-based cross-sectional
observational study was conducted among 220 adult patients with T2DM attending the
inpatient and outpatient departments of ESIC Model Hospital and Occupational Disease
Correspondence: Centre, Indore, India, between May 2023 and April 2024. All participants underwent
Dr. Kapil Kumar Verma. clinical evaluation, laboratory investigations including glycated hemoglobin (HbA1c),and
Professor and HOD Department |comprehensive two-dimensional transthoracic echocardiography. Echocardiographic
of Medicine, ESIC Medical |findings were analyzed in relation to age, gender, duration of diabetes, and glycemic
College and Hospital, Bapunagar | control. Statistical analysis was performed using SPSS version 24.0, with p<0.05
Ahmedabad. considered statistically significant. Results: The mean age of the participants was
53.53£9.41 years, and 50.9% were males. Diastolic dysfunction was the most common
echocardiographic abnormality (26.0%), followed by left ventricular hypertrophy
(19.5%), reduced left ventricular ejection fraction (13.6%), diabetic cardiomyopathy
(13.0%), left atrial enlargement (10.5%), and dilated left ventricle (4.5%). Increasing age
was significantly associated with left atrial enlargement, left ventricular hypertrophy, and
diabetic cardiomyopathy (p<0.001). Longer duration of diabetes was significantly
associated with left atrial enlargement and left ventricular hypertrophy (p<0.001). Poor
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common in patients with T2DM, particularly diastolic dysfunction and left ventricular
hypertrophy. Advancing age, longer duration of diabetes, and poor glycemic control are
important determinants of cardiac structural and functional changes. Routine
echocardiographic screening may facilitate early detection and timely management of
diabetic cardiac complications, thereby improving long-term cardiovascular outcomes.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by impaired insulin secretion, insulin action, or both,
resulting in persistent hyperglycemia and abnormalities in carbohydrate, fat, and protein metabolism [1]. Type 2 diabetes
mellitus (T2DM) is the most common form of diabetes and has become a major global public health concern due to its
rapidly increasing prevalence. India is among the countries with the highest burden of diabetes, with an estimated 77 million
affected individuals, making it the second most affected country after China [2]. The rising prevalence of T2DM has been
accompanied by a marked increase in chronic complications, particularly cardiovascular disease (CVD), which remains
the leading cause of morbidity and mortality in this population [3].

Patients with T2DM have a two- to four-fold higher risk of developing cardiovascular complications, including coronary
artery disease, diabetic cardiomyopathy, heart failure, and stroke. Diabetic cardiomyopathy is characterized by structural
and functional myocardial abnormalities that occur independently of hypertension or coronary artery disease. Moreover,
coronary artery disease in diabetic patients is frequently asymptomatic because of autonomic neuropathy, leading to
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delayed diagnosis and poor clinical outcomes [4]. Early detection of cardiac involvement is therefore essential to reduce
cardiovascular morbidity and improve long-term prognosis.

Echocardiography is a safe, noninvasive, readily available, and cost-effective imaging modality that provides real-time
assessment of cardiac anatomy and function. It plays a central role in evaluating ventricular dimensions, chamber size,
myocardial thickness, systolic and diastolic function, and other structural abnormalities [5]. Echocardiography is
particularly useful for identifying subclinical cardiac changes before the onset of overt heart failure or symptomatic
cardiovascular disease, thereby facilitating early therapeutic intervention and risk stratification.

Several echocardiographic parameters, including left ventricular ejection fraction, interventricular septal thickness, left
ventricular posterior wall thickness, left ventricular internal diameter, left atrial size, and left ventricular mass, are important
indicators of cardiac remodeling in patients with diabetes. Assessment of these parameters enables the identification of
early myocardial involvement and may help predict future cardiovascular events.

Therefore, the present study was undertaken to evaluate echocardiographic changes in patients with type 2 diabetes mellitus
attending the inpatient and outpatient departments of ESIC Model Hospital and Occupational Disease Centre, Nanda Nagar,
Indore, with the objective of identifying structural and functional cardiac abnormalities associated with T2DM and
emphasizing the importance of early cardiovascular evaluation in this high-risk population.

MATERIALS AND METHODS

This hospital-based cross-sectional observational study was conducted in the Department of Medicine at ESIC Model
Hospital and Occupational Disease Centre, Nanda Nagar, Indore, Madhya Pradesh, India, between May 2023 and April
2024. The study was approved by the Institutional Ethics Committee, and written informed consent was obtained from all
participants prior to enrollment.

A total of 220 consecutive adult patients with type 2 diabetes mellitus (T2DM) attending the inpatient and outpatient
departments during the study period were included in the study. The diagnosis of T2DM was established according to the
American Diabetes Association (ADA) criteria, defined as fasting plasma glucose (FPG) >126 mg/dL, 2-hour plasma
glucose >200 mg/dL during an oral glucose tolerance test, HbAlc >6.5%, or documented treatment for diabetes mellitus.

Inclusion and Exclusion Criteria

Patients aged more than 30 years with known or newly diagnosed type 2 diabetes mellitus who provided written informed
consent were eligible for inclusion.

Patients with known coronary artery disease, valvular heart disease, chronic obstructive pulmonary disease (COPD),
chronic alcoholism, smoking history, pregnancy, age below 30 years or above 75 years, and those unwilling to participate
were excluded from the study.

Clinical Assessment and Data Collection

A detailed clinical history was obtained from all participants, including demographic characteristics, duration of diabetes,
treatment history, associated comorbidities, and cardiovascular risk factors. A comprehensive physical examination was
performed, and vital parameters were recorded at the time of evaluation. Laboratory investigations included fasting blood
sugar (FBS), postprandial blood sugar (PPBS), glycated hemoglobin (HbAlc), renal function tests, urine routine and
microscopy, electrocardiography (ECG), and chest radiography wherever clinically indicated.

Echocardiographic Assessment

All enrolled participants underwent comprehensive two-dimensional transthoracic echocardiography performed by
experienced cardiologists using standard imaging protocols. Echocardiographic measurements were obtained primarily in
the parasternal long-axis (PLAX) view.

The following echocardiographic parameters were evaluated:

. Left atrial (LA) volume

. Peak early mitral inflow velocity (E wave)

. Peak late mitral inflow velocity (A wave)

. Interventricular septal thickness at end-diastole (IVSd)

. Left ventricular posterior wall thickness at end-diastole (LVPW(d)
. Left ventricular internal diameter at end-diastole (LV1Dd)

. Left ventricular end-diastolic volume (EDV)

. Left ventricular end-systolic volume (ESV)

. Left ventricular ejection fraction (LVEF)

. Left ventricular mass (LVM)
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Echocardiographic abnormalities including left ventricular hypertrophy, left atrial enlargement, reduced ejection fraction,
ventricular dilatation, and diastolic dysfunction were documented according to standard echocardiographic reference
values.

Definition of Echocardiographic Abnormalities

. Diabetes mellitus was defined as fasting plasma glucose >126 mg/dL, 2-hour plasma glucose >200 mg/dL, HbAlc
>6.5%, or current treatment for diabetes.

. Hypertension was classified according to the Eighth Joint National Committee (JNC-8) recommendations.

. Left ventricular hypertrophy was defined as interventricular septal thickness or left ventricular posterior wall
thickness >1.0 cm or an increased left ventricular mass index according to standard guideline recommendations.

. Left atrial enlargement was defined as a left atrial volume index (LAVI) >34 mL/m?

. Reduced left ventricular systolic function was defined as a left ventricular ejection fraction (LVEF) <55%.

. Left ventricular dilatation was defined as an increased left ventricular internal diameter at end-diastole beyond

normal sex-specific reference values.

Study Outcome Measures

The primary objective of the study was to evaluate echocardiographic changes among patients with type 2 diabetes mellitus.
The prevalence of structural and functional cardiac abnormalities, including left ventricular hypertrophy, left atrial
enlargement, ventricular dilatation, reduced left ventricular ejection fraction, and diastolic dysfunction, was assessed. The
association of these echocardiographic findings with clinical and biochemical characteristics of diabetes was also evaluated.

Statistical Analysis

Data were entered into Microsoft Excel and analyzed using Statistical Package for the Social Sciences (SPSS) software
version 24.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean + standard deviation (SD),
whereas categorical variables were presented as frequencies and percentages. Comparisons between categorical variables
were performed using the chi-square test or Fisher's exact test, as appropriate. Continuous variables were compared using
the independent Student's t-test or one-way analysis of variance (ANOVA), wherever applicable. A p-value <0.05 was
considered statistically significant.

RESULTS

A total of 220 patients with type 2 diabetes mellitus (T2DM) were included in the study. The mean age of the study
population was 53.53 + 9.41 years, with the majority of patients (53.6%) belonging to the 51-65 years age group. The
gender distribution was nearly equal, with 112 (50.9%) males and 108 (49.1%) females. Most patients had a duration of
diabetes of 6-10 years (36.8%), followed by <5 years (35.0%). Regarding glycemic control, 113 (51.4%) patients had
HbAlc levels between 7.0% and 8.5%, while 32 (14.5%) had HbAlc levels >8.5%. Hypertension was present in 100
(45.0%) patients (Table 1, Figure 1).

Table 1. Baseline demographic and clinical characteristics of the study participants

Variable Category n %
Age (years) <40 15 6.8
41-50 69 314
51-65 118 | 53.6
>65 15 6.8
Gender Male 112 | 50.9
Female 108 | 49.1
Duration of T2DM (years) <5 77 35.0
6-10 81 36.8
11-15 37 16.8
>15 25 11.4
HbA1c (%) <7.0 75 34.1
7.0-8.5 113 | 514
>8.5 32 14.5
Blood Pressure Normal 120 | 55.0
Hypertension | 100 | 45.0
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Baseline Demographic and Clinical Characteristics of the Study Participants (N = 220)
Variable ‘ Category l Percentage of Participants (%)
<40 6.8% (15)
41-50 31.4% (69)
Age (years) 51-65 53.6% (118)
>65 6.8% (15)
0 10 20 30 40 50 60
Male 50.9% (112)
Gender
‘ Female 49.1% (108)
<5 35.0% (77)
Duration of T2DM 6-10 36:3%i(81)
(years) 11-15 16.8% (37)
>15 11.4% (25)
<7.0 34.1% (75)
HbAlc (%) 7.0-8.5 51.4% (113)
>8.5 14.5% (32)
Normal 55.0% (120)
Blood Pressure
Hypertension 45.0% (100)
Percentage of Participants (%)
[ Total Participants: 220 (100%) ‘

Figure 1: Baseline demographic and clinical characteristics of the study participants

Overall echocardiographic evaluation demonstrated that 57 (26.0%0) patients had diastolic dysfunction, making it the most
common abnormality observed. Left ventricular hypertrophy was present in 43 (19.5%) patients, followed by reduced left
ventricular ejection fraction in 30 (13.6%), diabetic cardiomyopathy in 28 (13.0%), left atrial enlargement in 23 (10.5%),
and dilated left ventricle in 10 (4.5%) patients (Table 2, Figure 2).

Table 2. Distribution of echocardiographic abnormalities among study participants

Variable Frequency (%)
Left atrial enlargement 23 (10.5)
Diastolic dysfunction 57 (26.0)
Left ventricular hypertrophy 43 (19.5)
Dilated left ventricle 10 (4.5)
Reduced ejection fraction (<55%) | 30 (13.6)
Diabetic cardiomyopathy 28 (13.0)
Distribution of Echocardiographic Abnormalities
among Study Participants (N = 220)
30
57 (26.0%)
25
— 20+ 43 (19.5%)
S
)
§ 15 1 30 (13.6%) P
g 23 (10.5%)
w10
5 10 (4 5%)
0 &
Left atrial Diastolic Left ventricular D|Iated left j i
enlargement dysfunction hypertrophy ventricle fractlon (<55% cardwmyopathy
[ Total Participants: 220 (100%) }

Figure 2: Distribution of echocardiographic abnormalities among study participants
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Among patients with diastolic dysfunction, Grade I dysfunction was the most common finding, observed in 40 (18.2%0)
patients, followed by Grade Il dysfunction in 12 (5.5%) and Grade Ill dysfunction in 5 (2.3%) patients. Valwular
abnormalities were uncommon. Aortic stenosis was identified in 7 (3.2%0) patients, aortic regurgitation in 1 (0.5%), and
mitral regurgitation in 6 (2.7%0), while the majority of patients had structurally normal aortic and mitral valves (Table 3,
Figure 3).

Table 3. Distribution of diastolic dysfunction grades and valvular abnormalities

Variable | Frequency (%)
Diastolic dysfunction grade
Normal 163 (74.0)
Grade | 40 (18.2)
Grade Il 12 (5.5)
Grade Il 5(2.3)
Aortic valve

Normal 212 (96.4)
Aortic stenosis 73.2)
Aortic regurgitation 1(0.5)
Mitral valve

Normal 214 (97.3)
Mitral regurgitation 6 (2.7)

Distribution of Diastolic Dysfunction Grades and Valvular Abnormalities (N = 220)

[ Diastolic Dysfunction Grade } [ Aortic Valve Abnormalitiesj [ Mitral Valve Abnormalities J

214 (97.3%)

100 4 100 4

S

212 (96.4%) 10

S

1163 (74.0%) 801 801

60 4 60 o 60

40 40

Frequency (%)
Frequency (%)
Frequency (%)

40 (18.2%)

20 4 20 A 20

12 (5.5%)

5 (2.3%) 7(3.2%) 6 (2.7%)

1(0.5%)

Normal  Grade |

Grade Il Grade lll

Normal

Aortic Aortic
stenosis regurgitation

Mitral
regurgitation

Normal

| Total Participants: 220 (100%)

Distribution of diastolic dysfunction grades and valvular abnormalities

Comparative analysis showed that increasing age was significantly associated with left atrial enlargement, left ventricular
hypertrophy, and diabetic cardiomyopathy (p<0.001). The prevalence of left atrial enlargement increased from 6.7% in
patients aged <40 years to 50.0% in those aged >65 years, while left ventricular hypertrophy increased from 6.7% to 61.1%
across the same age groups. Diabetic cardiomyopathy was also more common among older patients (27.8% vs. 6.7%).
Grade Il and 111 diastolic dysfunction were more frequent with advancing age, whereas reduced ejection fraction showed
no significant association with age (y>=5.246, p=0.342) (Table 4).

Table 4: Comparison of echocardiographic change in study population according to Age

Parameters Age Chi P
<40 (N=15) 41 to 50|51 to 65| >65(N=18) Square | Value
(N=69) (N=118)
Left Atrial | 1 (6.67%) 2 (2.90%) 11 (9.32%) 9 (50.0%) 82.28 0
Enlargement (+)
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GRADES OF DIASTOLIC DYSFUNCTION
Grade 1 4(26.67%) 13(18.84%) 20(16.96%) 3(16.67%) * *kk
Grade 2 0 1(1.45%) 9(7.63%) 2(11.11%)

Grade 3 0 2(2.90%) 1(0.85%) 2 (11.11%)

LEFT VENTRICULAR HYPERTROPHY (LVH)

Normal 14 (93.33%) | 62 (89.60%) | 94 (79.66%) 7 (38.89%) * *hx
LVH 1 (6.67%) 7 (10.14%) 24 (20.34%) 11 (61.11%)

DILATED LEFT VENTRICLE

Dilated Left [ 0 3(4.35%) 5(4.24%) 2(11.11%) * *hx
Ventricle

Normal 15(100.0%) | 66(95.65%) 113(95.76%) 16(88.89%)

EJECTION FRACTION

EF% (Reduced) | 0 | 5(7.25%) | 22 (18.64%) | 3 (16.6%) | 5246 | 0.342
DIABETIC CARDIOMYOPATHY

Diabetic 1 (6.67%) 6 (8.69%) 16 (13.56%) 5 (27.78%) 8864 [0
Cardiomyopathy

A longer duration of type 2 diabetes mellitus was significantly associated with left atrial enlargement and left ventricular
hypertrophy (p<0.001), whereas no significant association was observed with reduced ejection fraction or diabetic
cardiomyopathy. Poor glycemic control (HbAlc >8.5%) was significantly associated with left atrial enlargement, left
ventricular hypertrophy, dilated left ventricle, and diabetic cardiomyopathy (p<0.001). (Table 5).

Table 5: Comparison of echocardiographic change in study Duration of DM2

Variable Duration of T2DM(YTrs) & P-value
<5years (n=77) | 6-10  years | 11-15 years | >15 years

(n=81) (n=37) (n=25)
Left atrial enlargement, n (%) | 1(1.3) 5(6.2) 10 (27.0) 7(28.0) 155.11 | <0.001*
GRADES OF DIASTOLIC DYSFUNCTION
Grade | 14 (18.2) 16 (19.8) 7(18.9) 3(12.0) * okek
Grade Il 4(5.2) 2(2.5) 4 (10.8) 2(8.0)
Grade Il 0 2(2.5) 1(2.7) 2(8.0)
LEFT VENTRICULAR HYPERTROPHY (LVH)
Normal 70 (90.91%) 71 (87.65%) 24 (64.86%) 12 (48.0%) * Hokk
Left ventricular hypertrophy,n | 7 (9.1) 10 (12.4) 13 (35.1) 13 (52.0)
(%)
DILATED LEFT VENTRICLE
Dilated left ventricle, n (%) 3(3.9) 4(4.9) 2(5.4) 1(4.0) * Fxx
Normal 74 (96.10%) 77 (95.06%) 35 (94.59%) 24 (96.0%)
EJECTION FRACTION
Reduced ejection fraction | 5 (6.5) 12 (14.8) 6 (16.2) 7(28.0) 6.211 | 0411
(<55%), n (%)
DIABETIC CARDIOMYOPATHY
Diabetic cardiomyopathy, n | 5(6.5) 10 (12.3) 8(21.6) 5(20.0) 8.244 | 0.370
(%)

However, HbAlc was not significantly associated with reduced ejection fraction (p=0.774). Gender was not significantly
associated with the majority of echocardiographic abnormalities, although females showed slightly higher frequencies of
left atrial enlargement, left ventricular hypertrophy, reduced ejection fraction, dilated left ventricle, and diabetic
cardiomyopathy than males.

DISCUSSION

Type 2 diabetes mellitus (T2DM) is associated with a substantially increased risk of cardiovascular disease because chronic
hyperglycemia promotes structural and functional myocardial remodeling. Echocardiography provides a noninvasive
method for detecting these changes at an early stage, even before the development of overt cardiovascular symptoms. The
present study evaluated echocardiographic abnormalities in 220 patients with T2DM and examined their association with
age, gender, duration of diabetes, and glycemic control. Overall, diastolic dysfunction was the most common
echocardiographic abnormality, followed by left ventricular hypertrophy (LVH), reduced ejection fraction, diabetic
cardiomyopathy, and left atrial enlargement. These abnormalities were significantly associated with advancing age, longer
duration of diabetes, and poor glycemic control, emphasizing the importance of early cardiovascular assessment in patients
with T2DM. The study population predominantly consisted of middle-aged adults, with more than half of the participants
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belonging to the 51-65 years age group and a mean age of 53.53+£9.41 years. The gender distribution was almost equal,
indicating that T2DM affects both sexes similarly in the study population. These findings are consistent with previous
studies by Almigbal et al. (2023) [6] and Jaiswal et al. (2022) [7], who also reported that most patients with T2DM were
middle-aged with a nearly equal distribution between males and females. Similar observations have been reported in South
Asian populations, where increasing age remains one of the strongest determinants of diabetes prevalence [8,9].

Most participants had diabetes for less than 10 years, while only a small proportion had disease duration exceeding 15
years. Nevertheless, echocardiographic abnormalities increased progressively with longer duration of diabetes. Left atrial
enlargement increased from 1.3% in patients with diabetes duration of less than five years to 28.0% in those with disease
duration greater than 15 years, while LVH increased from 9.9% to 52.0% across the same groups. These findings indicate
that prolonged exposure to hyperglycemia contributes to adverse cardiac remodeling. Similar observations were reported
by Hodgar (2019) [10] and Liao et al. (2022) [11], who demonstrated significant deterioration in diastolic function with
increasing duration of diabetes. Assessment of glycemic control revealed that approximately half of the patients had HbAlc
values between 7.0% and 8.5%, whereas 14.5% had poor glycemic control (HbAlc >8.5%). Poor glycemic control showed
a strong association with adverse echocardiographic findings, particularly left atrial enlargement, LVH, dilated left
ventricle, and diabetic cardiomyopathy. Patients with HbAlc levels greater than 8.5% demonstrated markedly higher
frequencies of these abnormalities compared with patients having better glycemic control. These observations are in
agreement with studies by Liao et al. (2022) [11], Zhao et al. (2020) [12], and Guria et al. (2022) [13], which reported that
higher HbAlc levels were independently associated with impaired ventricular relaxation, increased ventricular mass, and
left ventricular diastolic dysfunction. Similar findings have also been reported by previous investigators demonstrating
progressively increasing rates of diastolic dysfunction with worsening glycemic control [14].

Diastolic dysfunction was the most common echocardiographic abnormality observed in the present study, affecting 26.0%
of patients, with Grade | dysfunction accounting for the majority of cases. This finding supports the concept that impaired
ventricular relaxation represents one of the earliest manifestations of diabetic cardiomyopathy. LVH was observed in 19.5%
of patients, whereas diabetic cardiomyopathy and reduced ejection fraction were identified in 13.0% and 13.6% of patients,
respectively. Left atrial enlargement was present in 10.5% of patients, while dilated left ventricle and valvular abnormalities
were relatively uncommon. Comparable findings have been reported by Jgrgensen et al. (2016) [15], who observed a high
prevalence of diastolic dysfunction, LVH, and left atrial enlargement among patients with T2DM. Similar
echocardiographic changes were also described by Zhao et al. (2020) [7], Sardesai et al. (2022) [16], Jaiswal et al. (2022)
[17], and other studies evaluating diabetic cardiac remodeling [18-20]. Advancing age demonstrated a significant
association with left atrial enlargement, LVH, and diabetic cardiomyopathy. The prevalence of LVH increased substantially
among patients older than 65 years, while severe grades of diastolic dysfunction were more frequently observed in older
age groups. These findings indicate that ageing, together with prolonged metabolic stress, accelerates myocardial structural
changes in patients with T2DM. Similar observations have been reported by Jargensen et al. (2016) [15], who demonstrated
that echocardiographic abnormalities become increasingly prevalent with advancing age. Previous studies have also
identified LVVH as an established predictor of cardiovascular morbidity and mortality in elderly diabetic patients [21].

Gender-based differences were relatively modest in the present study. Although female patients demonstrated slightly
higher frequencies of left atrial enlargement, LVH, reduced ejection fraction, and diabetic cardiomyopathy, these
differences were not statistically significant. Similar trends have been reported by Jgrgensen et al. (2016) [15], who found
greater LVVH and diastolic dysfunction among women, whereas men more frequently exhibited reduced systolic function.
However, findings from the Framingham Study [22] and the Strong Heart Study [23] suggest that the influence of gender
on cardiac remodeling in diabetes remains inconsistent and is likely modified by other cardiovascular risk factors. Overall,
the findings of the present study reinforce the established relationship between T2DM and subclinical cardiac dysfunction.
Advancing age, prolonged disease duration, and poor glycemic control were the major determinants of echocardiographic
abnormalities. These observations support the incorporation of routine echocardiographic evaluation into the clinical
assessment of patients with T2DM, particularly those with long-standing disease or inadequate glycemic control, to
facilitate early diagnosis and timely intervention aimed at reducing future cardiovascular complications.

CONCLUSION

Echocardiographic abnormalities are frequently observed in patients with type 2 diabetes mellitus, with diastolic
dysfunction being the most common finding, followed by left ventricular hypertrophy, reduced ejection fraction, left atrial
enlargement, and diabetic cardiomyopathy. Advancing age, longer duration of diabetes, and poor glycemic control were
significantly associated with these cardiac abnormalities, whereas gender showed no significant association. These findings
emphasize the importance of routine echocardiographic screening and strict glycemic control for the early identification
and management of subclinical cardiac involvement, thereby reducing the risk of cardiovascular complications and
improving long-term clinical outcomes.
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