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ABSTRACT

Background: Silent myocardial ischemia (SMI) is a disease that is well-known and yet frequently misdiagnosed as a
cardiovascular complication of type 2 diabetes mellitus (T2DM). Ischemic symptoms can be hidden by autonomic neuropathy
and distorted pain perception, coronary artery disease may develop without notice. Risk stratification and prevention of adverse
cardiac events Risk stratification and prevention of adverse cardiac events are important in early identification of SMI.
Objective: To ascertain the occurrence of silent myocardial ischemia and its risk factors in patients with type 2 diabetes mellitus
who visited medical outpatient clinics.

Methods: It was a cross-sectional study at the Medical Teaching Institution Bannu and Medical Teaching institution DI Khan
during six months between November 2022 and April 2023. The patients that were enrolled were adult patients who had known
T2DM and had no angina or any history of coronary artery disease. Demographic information, diabetes history and
cardiovascular risk factors were taken. Each of the subjects was subjected to 12-lead electrocardiography at rest after which
exercise stress testing or ambulatory ECG surveillance against individual indications to identify silent ischemia. Data analysis
was done with the help of relevant statistical tests and significance level was taken to be p<0.05.

Results: Silent myocardial ischemia had been found in 32 percent of the patients. Older age groups, longer duration of diabetes
and coexisting hypertension and dyslipidemia were found to have higher prevalence. Resting ECG made the observation that a
large percentage of cases were well diagnosed whereas stress testing enhanced the diagnostic accuracy among patients
whose initial ECG showed normalcy.

Conclusion: Patients with type 2 diabetes mellitus have silent myocardial ischemia. Early intervention and minimization of

cardiovascular morbidity in the future may be achieved by regular screening, especially among high-risk populations.
Keywords: Mute myocardial ischemia; Type 2 diabetes mellitus; Electrocardiography; Cardiovascular risk factors.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the significant metabolic
diseases that cause chronic hyperglycemia due to the insulin
insensitivity and comparative insulin deficiency. It is linked to the
fact that it is associated with a much higher risk of macrovascular
and microvascular form of problems such as coronary artery
disease (CAD), cerebral vascular disease, and peripheral arterial
disease. Of these, cardiovascular disease is the most significant
contributor of morbidity and mortality among patients with T2DM".

Silent myocardial ischemia (SMI) is the objective evidence of
myocardial ischemia that is absent with anginal symptoms.
Autonomic neuropathy is a significant risk factor to patients with
diabetes; it may dull pain, and it may not be able to detect ischemic
events. As such, such patients could develop progressive coronary
artery disease without any symptoms, subsequently resulting in
late diagnosis and adverse prognosis?.

Pathophysiology of SMI in T2DM refers to endothelial
dysfunction, microvascular disease and accelerated
atherosclerosis, which all implicate in the myocardial perfusion
deficiency. Also, diabetic neuropathy is associated with the sensory
fibers which relay pain sensations, which again add to the
symptomless ischemia among these patients®.

Timely intervention which may include pharmacological
intervention, lifestyle change, and the use of revascularization
should be detected at an early stage of SMI as it is the only way to
make sure that the intervention is timely. Screening of the high-risk
patients will lower the rate of acute coronary events, as well as
enhance the overall survival*.

Research studies have also shown fluctuating
occurrence of SMI in the diabetic population, which can be
ascribed to the age, length of diabetes, glycemic control, and the
diagnostic methods applied to diagnose diabetic patients including
exercise stress

Received on 28-05-2023
Accepted on 22-07-2023

testing, ambulatory ECG, monitoring or myocardial perfusion
imaging®S. Although the increasing awareness provides certain
benefits, SMI continues to be underdiagnosed, particularly in
outpatient care of developing states, which would indicate the
necessity to have local epidemiological statistics’.

The knowledge of the burden and determinants of SMI
among T2DM patients who use outpatient clinics can help
clinicians to risk stratify and prevent those at risk. Besides, timely
identification of silent ischemia could be beneficial in minimizing
cardiovascular morbidity and mortality among this risky group®.
Objective: To identify the rate of silent myocardial ischemia in the
patient group with type 2 diabetes mellitus visiting medical
outpatient clinics at a tertiary care hospital.

MATERIALS AND METHODS

This was a cross-sectional and observational study that was based
in a hospital and its objective was to establish the prevalence of
silent myocardial ischemia (SMI) in patients with type 2 diabetes
mellitus (T2DM). The cross-sectional design enabled an evaluation
of the existence of ischemia at one time in the patients who were
attending outpatient clinics.

The research was carried out in the Medical Teaching
Institution Bannu and Medical Teaching institution DI Khan during
six months between November 2022 and April 2023.

The population that was studied was comprised of adult
patients diagnosed with type 2 diabetes mellitus and aged 30
years and above and visiting the medical outpatient department.
Patients who had known coronary artery disease, a history of
previous myocardial infarction, angina or heart failure or major
valvular heart disease were excluded to make sure that silent
ischemia was detected.

Sample Size and Sampling Technique: The enroliment of
patients into the study was done using a consecutive non-
probability sampling method to include patients that met the
inclusion criteria within the study period. The sample was
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determined to give a good estimate of SMI prevalence among the
study population but in view of time and available resources.

Data Collection Procedure: Demographic and clinical information
such as age, gender, diabetes duration, comorbidities, glycemic
control, and cardiovascular risk factors were captivated after giving
informed written consent. All the participants were subjected to a
standard 12-lead electrocardiogram (ECG) at rest, and participants
with an absence of ECG abnormalities suggestive of overt
ischemia were, as indicated, subjected to exercise stress testing or
ambulatory ECG monitoring.

Outcome Measures: The first consequence was that there was
the presence of silent myocardial ischemia where there is objective
evidence of myocardial ischemia with no anginal symptoms. The
secondary outcomes were links between SMI and patient
demographics, diabetes duration, glycemic control, and comorbid
conditions like hypertension or dyslipidemia.

Data Analysis: The data were inputted into statistical programs to
analyze them. Continuous variables were provided in the form of a
mean and standard deviation whereas categorical variables were
provided in the form of frequencies and percentages. The
appropriate tests were chi-square and t-tests, and a p-value less
than 0.05 was regarded as statistically significant.

Ethical Considerations: The medical teaching institution ethics
committee of Bannu gave ethical approval. All participants were
informed and their consent was obtained before the study. Patient
confidentiality was highly regarded during the research and all
procedures were evaluated according to the ethical principle that is
contained in the Declaration of Helsinki.

RESULTS

The study enrolled 200 patients suffering type 2 diabetes mellitus.
The average age of the subjects was 52.4-11.3 years with the
range between 35-75 years. The study population (118 males and
82 females) was 59 and 41 percent respectively. The average
years of diabetes were 8.6 +5.2 years. One hundred and forty-four
(62) patients had hypertension and 96 (48) patients had
dyslipidemia. Table 1 presents the baseline demographic and
clinical characteristics.

Sixty-four (32) patients had silent myocardial ischemia.
Sinus ECG changes were found in 38 (19 per cent) of individuals
with SMI, with T-wave inversions and ST-segment depressions,
and 26 (13 per cent) of individuals with ischemic changes on stress
testing or ambulatory ECG monitoring and no resting ECG
abnormalities. Table 2 shows the distribution of SMI with respect to
diagnostic modality.

On stratification by gender, SMI was found in 40 (33.9)
males, and 24 (29.3) females; this was not significant (p = 0.48).
The prevalence of SMI was higher among individuals with more
than 50 years of age (38) than among those with 30 50 years of
age (28) (Table 3).

Table 1: Baseline Demographic and Clinical Characteristics (n = 200)

associations with dyslipidemia was that above SMI prevalence was
higher (34% vs 30%), but was not statistically significant.

Figure 1 represents graphical data of prevalence of SMI
according to age and gender.

Table 2: Prevalence of Silent Myocardial Ischemia Based on Diagnostic
Modality

|Diagnostic Modality ||Frequency (n) ||Percentage (%) |
|Resting ECG changes ||38 ||19 |
IStress testing / Ambulatory ECG ||26 ||13 |
[Total SMI |[64 |[32 |

Table 3: Association of SMI with Age and Gender

|Variab|e ||SMI Present n (%) ||SMIAbsent n (%) ||Tota| ||p—va|ue |
[Age I | Il |
[30-50 years |[31 (28) [[81 (72) [[112 Jlo.12 ]
[>50years  |[33(38) |55 (62) llss || |
[Gender || | Il |
[Male |[40 (33.9) |[78 (66.1) [[118 ][o.a8 ]
[Female |[24 (29.3) |58 (70.7) B2 || |

|Variab|e ||Frequency (n) ||Percentage (%) |
|Age (years), mean + SD ||52.4 +11.3 ||— |
[30-50 years [[112 |[56 |
[>50 years (88 |[44 |
[Gender I I |
[Male [[118 |[59 |
|Female ||82 ||41 |
[Hypertension [[124 |[62 |
[Dyslipidemia |[o6 |[48 |

|

|Duration of diabetes (years), mean + SD ||8.6 +5.2

The prevalence of SMI was higher in patients with longer
period of diabetes (>10 years) versus diabetes period 10 years or
less (27%). Moreover, SMI (36 versus 25) was slightly more in
those patients with comorbid hypertension. The trend on

Figure 1: Prevalence of Silent Myocardial Ischemia by Age and Gender
Prevalence of Silent Myocardial Ischemia by Age and Gender
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DISCUSSION

This paper discovered that silent myocardial ischemia (SMI) is
widespread enough concerning the outpatient clinics dealing with
type 2 diabetes mellitus (T2DM), where the prevalence is 32%
among patients. The fact that SMI was detected in almost a third of
the participants demonstrates the insidiousness of cardiovascular
disease in diabetics, in which cases ischemic episodes can
happen without any symptoms because of autonomic neuropathy.
The fact that older patients and those with a history of diabetes
longer than 20 years have a high prevalence rates underscores the
cumulative effect of chronic hyperglycemia and metabolic
derangements on the coronary vasculature®.

The preclinical myocardial involvement is observed in
predominance of the resting ECG alterations, which include T-
wave inversion, and ST-segment depressions, even before clinical
manifestation. These results correlate with the prior research
stating that diabetic patients often develop ECG signs of an
ischemia without experienced angina, probably because diabetic
autonomic neuropathy attenuates the pain sense'®. Additional
proof of the relevance of dynamic testing to detect occult ischemia
was in the usage of stress testing and ambulatory ECG to
determine SMI in patients with normal resting ECG"".

The analysis of the age of patients showed that SMI was
more prevalent among patients older than 50 years (38) than
among young patients (28). This is in line with the previous
literature that has shown that aging and prolonged exposure to
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hyperglycemia leads to progression of atherosclerotic coronary
artery disease and abnormally higher risks of having silent
ischemic events'?. We did not find statistically significant gender
differences in our cohort, though the prevalence was slightly higher
in males, which is also similar to other previous studies™.

Higher SMI prevalence was linked to comorbid hypertension
and dyslipidemia, which implies an additive cardiovascular risk of
these patients. Hypertension may increase endothelial dysfunction
and atherosclerosis, and dyslipidemia may accelerate the progress
of the plaque, both of which may impair myocardial perfusion
without causing anginal symptoms™4. The tendency in our study is
in line with the past reports which stressed the importance of
combined risk factors in silent ischemia among diabetic
individuals™.

The second determinant of importance was duration of
diabetes; patients had a significantly high prevalence of SMI
(42%); with diabetes over 10 years compared to patients with
shorter disease duration (27%). Prolonged hyperglycemia favors
the formation of end-products of glycosylation, microvascular
dysfunction, and coronary atherosclerosis that proceeds silently,
predisposing to silent ischemic attacks'®. The findings were in
concurrence to available evidence that associates chronic
exposure to diabetes with subclinical coronary disease".

Stress testing and ambulatory ECG among diabetics have

shown comparative studies are prevalent with SMI of 20-40
percent, as is the case with our study. The minor difference can
also be explained by the difference in sample size, population and
diagnostic modalities, and glycemic control between cohorts'®%.
Notably, our research supports our view that symptoms or resting
ECG is insufficient to predict the actual burden of ischemic heart
disease in T2DM.
Limitations: The research is limited in a number of ways. Its
cross-sectional nature does not allow the examination of causality
or time dynamics of ischemic alterations. The study is a single-
center case, which could restrict the generalizability to the other
population. There was no detailed analysis of the coronary
anatomy with the help of such imaging techniques as CT
angiography or coronary angiography, and no analysis of long-term
cardiovascular outcomes was conducted. Lastly, glycemic
variability and microvascular complications were not entirely
examined and this may contribute to the prevalence of SMI.

CONCLUSION

Patients with type 2 diabetes mellitus frequently experience silent
myocardial ischemia, an underappreciated consequence that is
more common in older people, those with longer disease
durations, and those with co-occurring hypertension or
dyslipidemia. While ambulatory ECG or stress testing greatly
improves diagnostic vyield, resting ECG may identify certain
conditions. For risk assessment and prompt action to avoid serious
cardiovascular events, early detection of SMI is essential. To
enhance clinical results and lower morbidity and mortality, high-risk
diabetes patients should be routinely screened for silent ischemia.
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