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ABSTRACT
Background:The most prevalent endocrine condition impacting people worldwide is diabetes. Worldwide, the
prevalence of this illness is still increasing. The present study was conducted to assess ECG abnormalities in
patients with type 2 diabetes mellitus compared to non-diabetic individuals.Materials & Methods:60 diabetes
and 60 non-diabetes subjects of both genders were selected. Every participant had five milliliters of venous
blood drawn. Electrocardiography (ECG), lipid profiles (fasting and postprandial), fasting and postprandial
blood sugar, and glycosylated hemoglobin (HbAlc) were performed on each participant.Results: Group | had
32 males and 28 females and group 11 had 40 males and 30 females. The mean FBS was 203.6 and 86.4, HbAlc
was 8.5 and 5.2, total cholesterol was 170.4 and 169.8, triglycerides was 185.2 and 124.6, LDL was 92.4 and
100.2 and HDL was 40.2 and 52.8 in group I and Il respectively. The difference was significant (P< 0.05). Out
of 60 diabetes patients, ST depression & T wave inversion was found in 24, 10 had LAE, 6 had LVH, 4 had
RBBB and 2 had LBBB.Conclusion: Patients with T2DM had higher prevalence of ECG abnormality.
Keywords: Diabetes, ECG, T wave inversion
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INTRODUCTION

The most prevalent endocrine condition
impacting people worldwide is diabetes.
Worldwide, the prevalence of this illness is still
increasing. According to estimates from 2014,
9% of people over the age of 18 worldwide had
diabetes. One According to World Health
Organization (WHO) projections, diabetes will
rank as the seventh most common cause of death
by 2030.! By 2035, it is predicted that 109
million people in India will have diabetes,
making it the diabetes capital of the world.
Diabetes mellitus has been acknowledged as a
known risk factor for cardiovascular morbidity
and mortality for a number of decades. Diabetes
is a significant modifiable risk factor for
coronary artery disease (CAD), which has a
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complex etiology and multiple contributing risk
factors.?

ECG abnormalities are widespread in people
with type 2 diabetes, according to studies. Even
those with a history of CVD exhibit this. ECG
abnormalities are very common and are caused
by traditional cardiovascular risk factors.® When
evaluating CVD in patients with type 2 diabetes,
ECG anomalies can be a valuable tool. However,
there is little data to support ECG abnormalities
in type 2 diabetes.* Catastrophic cardiac events
may be avoided if type 2 diabetes patients with
asymptomatic coronary artery disease are
identified  early.  However, a  resting
electrocardiogram (ECG) and a regular,
comprehensive clinical examination might not be
able to identify coronary artery disease.’
Therefore, advanced non-invasive cardiovascular
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testing have to be suggested for the early
identification of asymptomatic CAD in these
individuals. The most essential screening test for
substantial CAD is still the exercise
electrocardiograph, which can detect most
patients who are likely to have considerable
ischaemia during their regular activities.®

AIM AND OBJECTIVES

Aim

To assess and compare the prevalence and types

of electrocardiographic (ECG) abnormalities in

patients with Type 2 Diabetes Mellitus (T2DM)
versus non-diabetic individuals, and to evaluate
associated biochemical parameters.

Objectives

1. Gender-wise Distribution: To analyze the
gender distribution among T2DM patients
(Group 1) and non-diabetic controls (Group
I).

2. Biochemical Parameters Assessment: To
measure and compare fasting blood sugar
(FBS), HbAlc, total cholesterol,
triglycerides, LDL, and HDL levels between
the two groups.

3. ECG Abnormalities Evaluation: To

identify and quantify specific ECG changes

in T2DM patients, including:

ST depression & T wave inversion

Left Atrial Enlargement (LAE)

Left Ventricular Hypertrophy (LVH)

Right Bundle Branch Block (RBBB)

Left Bundle Branch Block (LBBB)

Statistical Significance: To determine the

statistical ~ significance of  differences

observed in  biochemical and ECG
parameters between the two groups.

MATERIALS AND METHODS

Study Design

This study was an observational case-control

study aimed at evaluating ECG abnormalities in

patients with Type 2 Diabetes Mellitus (T2DM)
compared to non-diabetic individuals.

Study Population

The study comprised 120 participants, divided

into two groups:

e Group I: 60 individuals diagnosed with
Type 2 Diabetes Mellitus and

e Group 11:60 non-diabetic individuals as the
control group. Both male and female
participants were included in the study.

Study Place

The study was conducted in the Department of

General Medicine,Major S.D. Singh Medical

College & Hospital,Farrukhabad, Uttar Pradesh,

Indiain  collaboration with Department of

~O OO OO
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Pathology, Major S.D. Singh Medical College &

Hospital,Farrukhabad, Uttar Pradesh, India,

where participants were recruited from outpatient

and inpatient departments.

Study Duration

The study was conducted over a period of one

years and six months, from June 2019 to

December 2020, including patient recruitment,

follow-up, and data analysis.

Inclusion Criteria

1. Patients diagnosed with Type 2 Diabetes
Mellitus as per the American Diabetes
Association (ADA) criteria.

2. Age group: 35-70 years.

3. Both male and female participants.

4. Non-diabetic individuals with no history of
diabetes were included as controls.

5. Participants willing to provide written
informed consent.

Exclusion Criteria

1. Patients with a history of Type 1 Diabetes
Mellitus.

2. Individuals with pre-existing cardiovascular
diseases such as myocardial infarction,
ischemic heart disease, or arrhythmias.

3. Patients on medications that significantly
affect ECG readings.

4. Pregnant women and lactating mothers.

5. Individuals with chronic kidney disease or
any other major systemic illness.

Ethical Considerations
Ethical approval was obtained from the
Institutional Ethics Committee before the
commencement of the study. All participants
provided written informed consent after being
explained the purpose, procedure, risks, and
benefits of the study. Confidentiality of
participants’ data was strictly maintained.

Study Procedure

e Demographic data including name, age, and
gender were recorded.

e Venous blood samples (5 mL) were drawn
from each participant after overnight fasting
for biochemical analysis.

e Fasting blood sugar (FBS), postprandial
blood  sugar (PPBS), glycosylated
hemoglobin (HbALc), and lipid profile (total
cholesterol, LDL, HDL, triglycerides) were

measured  using  standard  laboratory
techniques.
e ECG was performed using a 12-lead

electrocardiograph, and abnormalities were
assessed based on standard criteria.
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Data obtained from diabetic and non-diabetic
individuals were compared and analyzed
statistically.

Pathologists play a crucial role in several key
areas in present study:

Biochemical Analysis and Interpretation
Pathologists are responsible for overseeing
the analysis of biochemical parameters such
as fasting blood sugar (FBS), HbAlc, total
cholesterol, triglycerides, LDL, and HDL
levels. They ensure the accuracy and
reliability of these laboratory results, which
are essential for correlating metabolic control
with ECG findings. Their expertise aids in
interpreting how these biochemical markers
relate to cardiovascular risks in T2DM

3.
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Data Interpretation and  Clinical
Correlation: Beyond generating laboratory
results, pathologists contribute to interpreting
these findings in a clinical context. They
collaborate with clinicians to correlate
laboratory data with ECG abnormalities,
providing insights into the
pathophysiological ~ mechanisms  linking
T2DM with cardiovascular complications.
This interdisciplinary approach enhances the
understanding of disease processes and
informs patient management strategies.

Outcome Measures:

Prevalence of ECG abnormalities among
T2DM patients versus non-diabetic controls.
Association  between  glycemic control

patients. (HbAlc) and ECG changes.

2. Quality Assurance and Laboratory e Correlation between lipid profile and ECG
Oversight:  Ensuring the integrity of abnormalities.
laboratory processes is a fundamental StatisticalAnalysis:Data were analyzed using

statistical software. Continuous variables were
expressed as mean + standard deviation (SD) and
categorical variables as percentages.
Comparisons between groups were made using
the independent t-test for continuous variables
and the chi-square test for categorical variables.
A p-value < 0.05 was considered statistically

responsibility ~ of  pathologists.  They
implement and monitor quality control
measures to maintain the precision and
accuracy of laboratory tests. This oversight is
vital for the validity of the study's findings,
as it guarantees that the data collected is both
reliable and reproducible.

significant.
RESULTS
Table 1:Gender wise distribution of patients
Groups Group | Group Il
Status Type 2 DM Control
M:F 32:28 30:30

Table 1 shows that group | had 32 males and 28 females and group Il had 40 males and 30 females.

Table 2:Assessment of biochemical parameters

Parameter Group | (Diabetic) Group Il (Non- P-value
Mean £ SD Diabetic) Mean + SD
Fasting Blood Sugar (mg/dL) | 203.6 + 40.7 86.4 £ 10.0 0.01
HbAlc (%) 85+13 52+05 0.03
Total Cholesterol (mg/dL) 170.4 £ 23.4 169.8 + 20.0 0.15
Triglycerides (mg/dL) 185.2 £ 76.7 124.6 = 30.0 0.01
LDL Cholesterol (mg/dL) 92.4 +20.7 100.2 + 15.0 0.72
HDL Cholesterol (mg/dL) 40.2+11.0 52.8 £12.0 0.02

Table 2, figure | shows thatFasting Blood Sugar (FBS) in Group | exhibited significantly
higher FBS levels, averaging 203.6 mg/dL, compared to 86.4 mg/dL in Group Il (P = 0.01).
This indicates poor glycemic control among the diabetic participants.The mean glycosylated
Hemoglobin (HbALc)level in Group I was 8.5%, reflecting chronic hyperglycemia, whereas
Group Il had a mean of 5.2% (P = 0.03), within the normal range.Total Cholesterol in both
groups had similar levels, with Group I at 170.4 mg/dL and Group Il at 169.8 mg/dL (P =
0.15), indicating no significant difference. Triglycerides in Group | had elevated triglyceride
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levels averaging 185.2 mg/dL, significantly higher than the 124.6 mg/dL observed in Group
Il (P =0.01).Low-Density Lipoprotein (LDL) levels were comparable between the groups,
with Group | at 92.4 mg/dL and Group Il at 100.2 mg/dL (P = 0.72).High-Density
Lipoprotein in Group | had lower HDL levels, averaging 40.2 mg/dL, compared to 52.8
mg/dL in Group Il (P = 0.02), suggesting a higher cardiovascular risk for the diabetic group.

Figure I: Assessment of Biochemical Parameters
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Table 3: Assessment of ECG changes in diabetes patient
ECG changes Number | P value
ST depression & T wave inversion 24 0.02

LAE 10

LVH 6

RBBB 4

LBBB 2

Figure 11: Assessment of ECG Changes in Diabetes Patient
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Table 3, figure llshows that out of 60 diabetes patients, ST depression & T wave inversion was found
in 24, 10 had LAE, 6 had LVH, 4 had RBBB and 2 had LBBB. The difference was significant (P<
0.05).

DISCUSSION

Patients with diabetes have a higher risk of
coronary heart disease and are frequently
hyperlipidemic. A prolonged, exacerbated
postprandial state is the cause of the elevated
cardiovascular mortality linked to Type 2 DM.’
When it comes to creating atherosclerosis
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problems in Type 2 diabetics, the aberrant lipid
profile in the postprandial state is more important
than the bad lipid profile in the fasting state.®
Over the past forty years, the prevalence of
diabetes mellitus in India has skyrocketed due to
rapid socioeconomic development, demographic
changes, and increasing susceptibility for Indian
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persons.”®The present study was conducted to
assess ECG abnormalities and treadmill test
findings in patients with type 2 diabetes mellitus.
We found that group | had 32 males and 28
females and group Il had 40 males and 30
females. ECG alterations in asymptomatic Type
2 DM patients were assessed by Gupta et al.'*
The study included fifty participants who were
matched for age and sex. A protocol was
established to document pertinent results from
the physical examination and history. Gender,
age, smoking, physical activity, waist
circumference, body mass index (BMI), and
blood pressure were the factors that were
examined. The ECG was recorded while at rest.
Patients with asymptomatic diabetes ranged in
age from 25 to 75 years, with a mean age of
50.3+11.90 years. In this study, 26% of
asymptomatic diabetics had aberrant ECG
readings, while none of the control group did.
Seventy percent of patients with ECG changes
had poor glycaemic control, elevated
triglyceride, and decreased HDL levels; the
majority of silent individuals with ECG changes
had diabetes mellitus for five to ten years. Left
Atrial Enlargement (LAE), Left Ventricular
Hypertrophy (LVH), Left Bundle Branch Block
(LBBB), and Right Bundle Branch Block
(RBBB) were the most frequently seen
abnormalities, followed by ST-T alterations.

The diabetic group exhibited significantly
elevated FBS levels (203.6 + 40.7 mg/dL)
compared to the non-diabetic group (86.4 £
10.0 mg/dL), with a P-value of 0.01.
According to the World Health Organization,
an FBS level of >126 mg/dL is diagnostic for
diabetes  mellitus,  underscoring  the
hyperglycemic state observed in the diabetic
cohort.?

The diabetic group's mean HbAlc was 8.5
1.3%, significantly higher than the non-
diabetic group's 5.2 £ 0.5% (P = 0.03). The
American Diabetes Association recommends
an HbAlc level of >6.5% for the diagnosis
of diabetes, indicating poor glycemic control
in the diabetic participants.

No significant difference was observed
between the diabetic (170.4 £ 23.4 mg/dL)
and non-diabetic (169.8 + 20.0 mg/dL)

groups (P = 0.15), suggesting that total
cholesterol alone may not distinguish
between these populations.The diabetic

group had significantly higher triglyceride
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levels (185.2 + 76.7 mg/dL) compared to the
non-diabetic group (124.6 + 30.0 mg/dL) (P
= 0.01). Elevated triglycerides are a
component of diabetic dyslipidemia and are
associated with an increased risk of
cardiovascular disease. A longitudinal study
by Han et al. (2016) found that each 10
mg/dL increase in triglyceride levels
significantly increased the risk of developing
diabetes by 4%.*
LDL levels were slightly lower in the
diabetic group (92.4 £ 20.7 mg/dL) than in
the non-diabetic group (100.2 + 15.0 mg/dL),
but this difference was not statistically
significant (P = 0.72).HDL levels were
significantly lower in the diabetic group
(40.2 + 11.0 mg/dL) compared to the non-
diabetic group (52.8 = 12.0 mg/dL) (P =
0.02). Low HDL is a known risk factor for
atherosclerotic cardiovascular disease. The
Beijing Longitudinal Study of Aging (2021)
reported that lower HDL cholesterol levels
are associated with an increased risk of
developing T2DM.?®
We found that out of 60 diabetes patients, ST
depression & T wave inversion was found in 24,
10 had LAE, 6 had LVH, 4 had RBBB and 2 had
LBBB. The frequency of ECG anomalies and
their cross-sectional correlations with
cardiovascular risk factors in individuals with
type 2 diabetes were examined by Harms et al.®
The Minnesota Classification was used to
categorize and classify ECG abnormalities into
several kinds. Both the whole population (n =
8068) and the subset of individuals without a
history of CVD (n = 6494) had their prevalences
determined. ECG abnormalities were minor
(16.0%) or substantial (13.1%) in around one-
third of the group. About 25% of people without
a history of CVD showed minor (14.9%) or
major (9.1%) ECG abnormalities, while the
prevalence was 27.5% and 39.6%, respectively,
among those with hypertension and extremely
high CVD risk. Abnormalities in the ECG were
regularly and strongly linked to known risk
factors for CVD.
LIMITATIONS OF THE STUDY
e The sample size was relatively small, which
may limit the generalizability of findings.
e The study was conducted in a single
institution, which may introduce selection
bias.
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e The cross-sectional nature of the study does
not establish causality between diabetes and
ECG abnormalities.

e The influence of factors such as physical
activity, diet, and medication adherence was
not assessed.

e Long-term follow-up was not conducted to
assess the progression of ECG abnormalities
over time.

CONCLUSION

Authors found that patients with T2DM had

higher prevalence of ECG abnormality. The study

indicates that patients with Type 2 Diabetes

Mellitus exhibit a higher prevalence of ECG

abnormalities  compared to  non-diabetic

individuals. Notably, ST depression and T wave
inversion were observed in 24 out of 60 diabetic
patients, with a statistically significant difference

(P=0.02).  Additionally, diabetic  patients

demonstrated significantly elevated levels of

FBS, HbAlc, and triglycerides, along with

reduced HDL levels, compared to controls.

These findings underscore the importance of

regular ECG monitoring and comprehensive

cardiovascular risk assessment in T2DM patients
to facilitate early detection and management of
potential cardiac complications.
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