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Abstract: Myocardial ischemia occurs when myocardial oxygen supply unable to meet myocardial oxygen demand. Silent Myocardial 

Ischemia (S.M.I.) is defined as objective documentation ( E.C.G. changes) of Myocardial ischemia in the absence of angina or angina 

equivalents.. The present study compare the mean maximum  heart rate  during exercise   in S.M.I. and non ischemic type 2 diabetes 

patients during T.M.T.150 type 2 diabetic patients were taken and they undergone T.M.T. Present study observed that mean  maximum  

heart rate  in S.M.I. group was significantly lower than heart rate recovery in non-ischemic group. So it can be concluded that mean 

maximum  heart rate  during T.M.T. in S.M.I. group could be due to autonomic nervous system dysfunction.    
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1. Introduction 
 

Diabetes mellitus is complex  metabolic disorder  in which 

there is relative or absolute deficiency or ineffectiveness of 

insulin leading to chronic hyperglycemia with or without 

glycosuria. This hyperglycemia causes several complications 

of  Diabetes mellitus and among them , Coronary Artery 

Disease is  most important .
1
 

 

Myocardial ischemia occurs when  myocardial oxygen 

supply not able to meet myocardial oxygen demand which is 

usually caused by obstructive atheromatous plaque in the 

epicardial coronary arteries .Due to inadequate  perfusion 

there is shifting  from aerobic to anaerobic metabolism, 

diminished myocardial contraction and electrophysiological 

changes. Myocardial ischemia can present with angina or 

angina equivalent or silent ischemia. 
2-4

  

 

Silent myocardial ischemia is defined as objective 

documentation of Myocardial ischemia in the absence of 

angina or angina equivalents as evidenced in E.C.G 

changes.
5
 Patient with diabetes mellitus have an  increased  

risk for cardiovascular diseases, Myocardial infarction and  

increased mortality risk after acute myocardial infarction. 

Acute myocardial infarction in diabetic person may present 

without pain or with acute  acidosis, vomiting sudden 

hypotension, syncope, cerebral vascular accident or sudden 

death.
6 

 

Chronotropic incompetence (CI)  in a broader  sense defined 

as the inability of the heart to increase its rate proportionate 

with increased activity or demand and  commonly seen  in 

cardiovascular disease and it results in exercise intolerance 

and impaired quality of life and it is an independent 

predictor of major adverse cardiovascular events and overall 

mortality.
 7 

 

2. Materials and Methods 
 

The study had been conducted in C.T.M.T cell of S.M.S. 

Hospital of Department of Cardiology and Department of 

Endocrinology, SMS Medical College and Hospital, Jaipur. 

150  type 2 diabetic  subjects  of either sex  had undergone  

treadmill test (T.M.T) according to inclusion and exclusion 

criterion. Subjects were classified as exercise induced  

myocardial ischemia  on the basis of down sloping or 

horizontal depression in ST-segment  of T.M.T report. 

Subjects having downsloping or horizontal depression in 

ST-segment > 1mm without experiencing pain were 

considered as Silent myocardial ischemic subjects and 

subjects with no down sloping or horizontal depression in 

ST-segment were considered as non-ischemic subjects. 

Proportion of cases with Silent Myocardial Ischemia in total 

cases and maximum heart rate during exercise in Silent 

myocardial ischemic subjects and non-ischemic subjects 

were compared and analysed according to statistical 

analysis. 

 

3. Results 
 

Table 1: Distribution of study population according to 

Presence of SMI 
ECG finding N Percentage 

SMI 57 38 

Non Ischemic 93 62 

Total 150 100 

 

Present table no.1 shows that the proportion of Silent 

Myocardial Ischemia (SMI) in patients of type 2 Diabetes 

Mellitus cases is 38%.  

 

Table 2: Comparison of mean Resting HR in SMI and Non 

Ischemic group 
Group N Mean Std. Deviation 

SMI 57 92.02 11.94 

Non Ischemic 93 79.86 12.16 

t = 5.984 at df 148; P<0.001 

 

Present table no.2  shows that mean resting Heart rate was 

higher in Diabetic patients in SMI group (92.02 beats /min) 

as compared to Non Ischemic group (79.86 beats/min), and 

application of t test showed that this difference was 

statistically significant (P<0.001).   
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Table 3: Comparison of mean Maximum HR in SMI and 

Non Ischemic group 
Group N Mean Std. Deviation 

SMI 57 141.09 13.07 

Non Ischemic 93 152.68 15.14 

t =   4.787 with 148 degrees of freedom; P=0.001  

 

This table shows that Maximum heart rate during exercise 

was significantly lower in diabetic patients in SMI group 

(141.09 beats/min) as compared to Non Ischemic group 

(152.68 beats/min); P=0.001.  

 
 

4. Discussion 
 

The integrated effect of sympathetic activation and vagal 

withdrawal during exercise leads to increase in heart rate  . 

These autonomic changes are mediated by both somatic 

exercise reflexes and central command  mechanisms. When 

we  stop  exercise the increased heart rate decreases rapidly 

and this rapid recovery appears to be an important 

mechanism for avoiding excessive cardiac work after 

exercise and vagal reactivation plays an important role 

during this recovery phase.
 8
 

 

Diabetic patients with or without signs of autonomic 

neuropathy have a lower vagal activity (and hence a 

relatively higher sympathetic activity) during night hours 

and at the same time of  the day during which a higher 

frequency of cardiovascular accidents has been  reported.
9
  

 

Chronotropic incompetence, reduced  heart rate recovery  

and increased heart rate at rest are the predictors reflecting 

cardiac autonomic nervous system dysfunction.
10-11

 

 

Heart rate related measures like resting heart rate, maximum 

heart rate during exercise  and heart rate recovery  which are 

simply obtained during a routine exercise treadmill test, may 

serve as an early warning sign for the development of 

cardiac autonomic neuropathy, a widely under-diagnosed 

complication of diabetes with significant prognostic 

implications.
12 

 

Cardiac autonomic neuropathy, in the setting of diabetes, is 

defined as the dysfunctioning of autonomic control of the 

cardiovascular system when we exclude other causes.
13

 Its 

prevalence significantly  rises with age, poor glycaemic 

control and diabetes duration. Due to its  high prevalence 

various  experts recommends screening for cardiac 

autonomic dysfunction in asymptomatic type 2 diabetes, and 

clinical diagnosis is established on finding of  at least two 

abnormal CART tests(cardiovascular autonomic reflex test), 

which are based on HR (heart rate)  and blood pressure 

response to several  manoeuvres
13

.Despite of the fact that  

CART-based diagnosis is easy to perform for screening  

patients with diabetes and it  can be performed at the 

bedside, it is not broadly applied in clinical practice. Due to 

high burden of   significant cardiovascular morbidity and 

mortality associated with the diabetes we requires additional 

tools that are simple to perform and commonly applied in 

diabetes  for diagnostic and  prognostic utility. For this 

exercise stress test may serve as an appropriate modality for 

these objectives and can serve our purpose. Reduced heart 

rate recovery, resting tachycardia and, chronotropic  

incompetence are early indicators associated with cardiac 

autonomic dysfunction, which  we can  easily measured 

during routine exercise treadmill testing. Each of these HR-

related parameters were reported  in various researches to be 

associated with prognosis in type 2 diabetes. The inability of 

the HR to rise in proportion to an increase in activity or 

metabolic demand is often clinically ignored by medical 

community, although it is not uncommon in patients with 

type 2 diabetes. The mechanism for this chronotropic 

incompetence is that the repeated activation of sympathetic 

nerves leads to downregulation of betaadrenergic receptors 

in the sinus node, and this resulting in post-synaptic 

desensitisation and  inappropriate  HR  response during 

exercise
14

. The etiology is probably complex and it is 

thought to be due to  impaired baroreflex sensitivity and 

cardiovascular autonomic neuropathy and it requies further 

studies.  Chronotropic incompetence is suggested to be 

significantly more prevalent in type 2 diabetes than in 

healthy individuals 
15,16 
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5. Conclusion 
 

Type 2 diabetes patients with Silent myocardial ischemia 

(SMI) have high resting heart rate and  mean  maximum  

heart rate  during exercise  was lower  in  SMI group of 

diabetic patients  than  in non-ischemic group of diabetic 

patients which could be due to autonomic nervous system 

dysfunction.                                                      
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