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Type 2 diabetes mellitus (T2DM) is the most frequent metabolic disease encountered in
India. One of the most fearful complications associated with T2DM is acute coronary
syndrome (ACS). In contrast to the non-T2DM patients T2DM patients presents with
atypical clinical picture and has a worse prognosis. Electrocardiogram (ECG) is a very
important tool used to diagnose ACS. The ST-segment elevation (STEMI) pattern in ECG
is associated with a significant and prolonged occlusion of the coronary arteries. The aim of
this pilot project was to highlight the difference in ECG presentation between T2DM patients
and their non-T2DM counterparts (if any). Relevant data was collected from 29 consecutive
patients presenting with AMI in the cardiac care center in Nightingale hospital, Kolkata,
India, after procuring their informed consent. The data was analyzed using the presence
or absence of STEMI as the categorical output and its association with T2DM status as the
input. The association was assessed using chi-square statistics. Jupyter notebook was used
to perform the statistical analysis. The mean age of the selected population was 61.2 years
with a mean blood pressure (BP) of 136/77 mm of Hg. There was a significant association
between T2DM and STEMI (P=0.02), as assessed by chi-square statistics. In this small
cohort from Kolkata, T2DM was significantly associated with an ECG presentation of
STEMI in patients with AMI.

Introduction
Type 2 Diabetes Mellitus (T2DM) is associated with both
microvascular and macrovascular complications.1 The predominant
macrovascular complications include cardiac dysfunction, stroke, and
peripheral vascular disease. Cardiac dysfunction can be divided into
defects related to the pipe (acute coronary syndrome), pump (heart
failure), or wire (conduction defects).2 Acute coronary syndrome
(ACS) represents a basket of cardiac anomalies ranging from occlusion
of the coronaries by an atherosclerotic plaque resulting in cardiac cell
death (acute myocardial infarction) to occlusions not causing cell
death (myocardial ischemia).3 Acute myocardial infarction (AMI)
represents the most explosive and fatal cardiac dysfunction associated
with T2DM.
In the workup of central chest discomfort ECG along with cardiac
enzymes form the backbone of diagnosing AMI. The ECG records the
electrical activity of the heart and is displayed graphically as wave
and interval patterns. There are five prominent waves in a normal
ECG (P wave, Q wave, R wave, S wave, and T wave) associated
with corresponding intervals (PR interval, QRS complex, and ST
interval).4 AMI encompasses three distinct patterns based on ECG
changes and abnormal cardiac enzymes.5 The first is ST-segment
elevation myocardial infarction (STEMI), which is characterised by
a significant and prolonged occlusion of a coronary blood vessel.
The second is non-ST elevation myocardial infarction (NSTEMI),
characterised by a significant but transient occlusion of a coronary
blood vessel.6 Although the ST segment is not elevated on ECG,
NSTEMI is accompanied by elevation of cardiac enzymes. The third
is unstable angina (UA) which is neither characterised by STEMI on
ECG nor an elevation of cardiac enzymes.7
The cornerstone of management of STEMI and NSTEMI is
restoring circulation (reperfusion).8 Depending on the degree and
extent of myocardial damage reperfusion therapies can be broadly
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divided into percutaneous coronary intervention (PCI) or coronary
artery bypass graft (CABG).9 Identifying the condition rapidly is
of essence, since earlier recognition and interventions lead to better
survival. (10) STEMI is associated with a poorer in-hospital and six
months post revascularization survival rates compared to NSTEMI.11,12
Type 2 Diabetes (T2DM) is an independent risk factor for acute
myocardial infarction (AMI). In one study the odds ratio for AMI in
T2DM patients was 2.3.13 Not only is T2DM associated with AMI,
but it is also associated with a poorer prognosis.14 The combination of
T2DM and STEMI is a significant and compounding health hazard. In
view of this observation, this pilot project was conducted in a cardiac
centre to determine the ECG pattern in patients with T2DM with AMI
and how it differed from their non-T2DM counterparts.

Methods
Data collection
Consecutive patient data from the cardiac centre of Nightingale
hospital Kolkata, India, was collected within a 2 weeks’ time span.
There were 35 patients who got admitted with AMI within this
period. Informed consent could be attained from 29 patients. Baseline
demographics, anthropometric measurements and the admission ECG
was collected, and the relevant data entered an excel sheet. The final
version was saved in coma separated values (CSV) format.

Statistical analysis
The case sheets of patients satisfying the inclusion criteria were
collected from the administrative block of Nightingale Hospital,
Kolkata, India. All the relevant patient related data were entered in an
excel sheet. Having collected all the data, the statistical analysis was
planned in a phased manner.
Step 1: It was planned to conduct a preliminary analysis to investigate
the basic characteristics of the patients. The mean age, mean systolic
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blood pressure, diastolic blood pressure, frequency of T2DM, and the
type of ECG changes would be analysed.
Step 2: Since both the output (STEMI) as well as the input (T2DM)
were categorical in nature, a chi-square statistic was planned to
evaluate their association.
The analysis was conducted using Jupyter notebook version
6.0.3.15 Since both the input and output variables were categorical
in nature, a chi-squared analysis was performed. Using pd.crosstab
function a contingency table was created between the input and output
variables. In the final step using the function scipy.stats, the chi-square
statistic along with the test of hypothesis was performed. All the codes
and raw data are available on request.

Ethical committee approval
The Nightingale Hospital Ethical committee approval was attained
prior to evaluation of the data.

Results
This pilot project was performed on twenty-nine patients
presenting in the cardiac emergency with acute chest discomfort and
diagnosed with AMI. To avoid selection bias consecutive patient
data over a 2-week span was collected. Since a few patients did not
consent to sharing their data, we landed up with 29 patients. Relevant
anthropometric, demographic, laboratory, and ECG data was
identified, and the findings were entered into an excel sheet. Several
important parameters including duration of diabetes and types of
baseline therapy were collected but not included in the final analysis
due to the small numbers. All the selected patients had T2DM and
insulin dependent T1DM were not included. Having identified the
inputs and outputs, statistical analysis was conducted in two steps.
Step 1: Descriptive statistics
The mean age of the 29 patients included in the analysis was 61.2
years with mean systolic blood pressure (SBP) and diastolic blood
pressure (DBP) being 136 mm of Hg and 77 mm of Hg respectively
(Table 1).
Table 1 Descriptive statistics (mean, range, and standard deviation) of clinical
parameters (age, systolic & diastolic blood pressure) collected from the 29
patients included in this pilot project
Attribute
Age (years)
SBP (mm of Hg)
DBP (mm of Hg)

Mean
61.2
136.2
77.2

Range
39-82
110-170
70-90

std
11.1
16.3
0.4

There were 15 patients who had a pre-existing diagnosis of T2DM,
and 14 patients did not (Table 2).
Table 2 Contingency table. Rows indicating the frequency of T2DM versus
non-T2DM and the columns indicating the frequency of STEMI changes on
ECG versus NSTEMI changes

No DM
DM
Marginal column (totals)

No STEMI

STEMI

10
3
13

4
12
16

Marginal row
(totals)
14
15
29 (Grand total)

There were 16 patients who presented with STEMI, while 13 did
not (NSTEMI or UA) (Table 2).
Step 2: Analytical statistics
The primary hypothesis was tested using specific codes in python.
A contingency table in matrix format was prepared (Table 2). Overall,
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there were 13 patients who did not have STEMI while 16 patients
presented with STEMI. Fifteen patients had T2DM while fourteen did
not. In the total population of 29 patients, there were 10 patients who
did not have either diabetes or STEMI. There were 4 patients who did
not have T2DM but presented with STEMI. There were 3 patients
who had T2DM but not present with STEMI while 12 patients had
both T2DM and STEMI. There is a significant association between a
diagnosis of T2DM and the likelihood of presenting with STEMI (χ
2 = 7.74, p = .02).

Discussion
Type 2 diabetes mellitus is a polygenic disease associated with
several complications.16 Involvement of the heart is one of the
most feared complications associated with T2DM in view of the
high fatality rates.17 Compared to non-diabetic patients, diabetic
patients differ in the way they present symptomatically as well as
diagnostically.18 The central difference from a pathophysiological
perspective is the degree if insulin resistance associated with T2DM.19
Insulin resistance precedes significant beta-cell dysfunction in
early T2DM.20 The immediate consequence of insulin resistance is
hyperinsulinemia and its associated consequences namely diabetic
dyslipidaemia, endothelial dysfunction, hypertension, and vascular
inflammation.21 The combination of abnormal lipid deposition,
vascular inflammation, and endothelial dysfunction initiates as well as
aggravates pre-existing atherosclerosis.22 In addition to an accelerated
atherosclerosis concomitant autonomic dysfunction in T2DM
alters the way a patient presents with AMI.23 Many patients do not
experience the typical central compressive chest pain with radiation
along left inner arm or jaw and remain completely silent delaying
diagnosis as well as worsening prognosis. This is also sometimes
referred to as “silent AMI”.24 In addition, many T2DM patients present
with milder or atypical symptoms like epigastric pain, increased
sweating, and anxiety.25 This delay in diagnosis was associated with
nearly 75% of T2DM patients presenting to the emergency with a
delay exceeding 3 hours.26 This is of paramount importance since the
window of opportunity for effective thrombolysis is within an hour of
presentation.27
One of the cornerstones of diagnosis of ACS is an electrocardiogram
(ECG). In case of suspected ACS, a diagnosis of AMI is dependent
on documentation of elevated cardiac enzymes and characteristic
ECG changes.28 It is of paramount importance to identify patients
with a persistent (>20 minutes) ST-segment elevation on ECG, since
it represents a total or near-total coronary artery occlusion requiring
immediate reperfusion.28
In view of the exponential growth of diabetic patients in India, a
larger proportion of patients with pre-existing T2DM is expected to
present with STEMI in the emergency department.29 In a study from
India it was found that nearly 40% of patients presenting in a hospital
with AMI had a diagnosis of T2D with nearly 13.6% detected on
admission.30 The reason why a significant number of T2DM patients
are expected to present with STEMI is due to the delay in diagnosing
resulting in worsening from partial occlusion (NSTEMI on ECG) to
near complete occlusion (STEMI on ECG) on presentation. Hence, it
is extremely important pre-empting as well as intervening in a timely
fashion, since it takes 50% more time to achieve complete resolution
in T2DM patients compared to their non-T2DM counterparts.31 In a
study by Masoomi et al it was found that 27.8% of T2DM patients
had failed ST-segment resolution in contrast to 9% in the non-T2DM
group.32 This difference was due to the diabetic patients presenting at
a much-advanced stage as well as having a lower cardiac contractility
(assessed by echocardiography). Many patients with AMI are
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incidentally detected with T2DM post admission.33 The incidence of
death was found to be higher in this subset of patients in a 5-year
follow up study.34 In a study from India on 208 patients, 80.77%
patients presented with STEMI.35 Data from India is sparce and
extremely heterogenous. In a study from the state of Gujarat, mortality
was more in patients with T2DM (23.52%) presenting with STEMI.36
There was, however, no comparison of adverse cardiac outcomes
between the STEMI versus the non-STEMI group.
In view of these observations, this pilot survey was undertaken
using data from the cardiac care unit of Nightingale hospital. The
hypothesis was to find whether there was any significant difference in
the ECG pattern in T2DM patients compared to non-T2DM patients.
In this pilot project T2DM patients presented more frequently with
STEMI compared to non-T2DM patients.
This pilot project should be followed up with a study on the same
end points with a larger population to confirm this hypothesis. This is
because a very small number of patients were recruited in this pilot
project which liable to statistical error and bias. In addition, there
could be other clinical variables like diabetes dyslipidaemia, obesity,
and nephropathy which could independently or in combination could
explain the difference in outcomes. Subgroup analysis including these
variables needs to be conducted in a larger trial.

Conclusion
Patients with T2DM have a propensity to present with AMI at
a much-advanced stage compared to their non T2DM counterpart.
ECG findings from this pilot project seems to suggest STEMI as a
more frequent presentation in T2DM patients. This finding needs to
be explored further in a trial recruiting a larger population of patients.
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