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Introduction 

Despite recent encouraging declines in the mortality rate in both developed and developing countries, 

Coronary Artery Disease (CAD) remains a preeminent cause of death and disability. While numerous 

modifiable and non-modifiable risk factors have been associated with an increase risk of coronary disease. 

Many studies in the past decade have demonstrated diurnal variation in the onset of acute cardiovascular 

disorders, such as myocardial ischemia1-3, acute myocardial infarction (AMI)4-8 cardiac arrhythmias9,10 

and sudden cardiac death.11-13 These results consistently support the view that there is an increased 

incidence of acute cardiac events in the morning hours and a low incidence at nights as judged on the 

basis of cardiac symptoms. The present study also examines that a significant circadian variation exist in 

the onset of symptoms of Acute Myocardial Infarction in patients with coronary artery disease (CAD). The 

hypothesis of this study was that more than 50% of the patients with AMI present in the morning hours. 

Method 

Study Population  

This study was based on onset of clinical symptoms and admission to the hospital. The study population 

included patients admitted to the coronary care units of two teaching hospitals in the city of Karachi, Dr. 

Ziauddin Medical University Hospital and National Institute of Cardiovascular Disease. The time of the 

onset was assessed by a semi-structured questionnaire which included specific question on the precise 

time of onset of the clinical symptoms. Questionnaire was pre-tested and all the participants gave their 

informed oral consent voluntarily, this criterion excluded the patients from Emergency Department 

because of their condition. All the consecutive patients who were diagnosed as having acute myocardial 

infarction and willing to participate, were included in the study. The diagnosis of AMI was made if at least 

two of the following three predefined criteria were satisfied: a history of chest pain consistent of 

myocardial ischemia; enzymes elevations of creatinine kinase, its isoenzyme subfraction or lactate 

dehydrogenase or positively Troponin- T tests and in ECG tracings showing ischemic changes in the "ST" 

segment or presence of any new "Q" wave, typical of AMI.  

Statistical Analysis 

The computer package "Epi-Info version 6" was used for data entry and analysis. To determine whether or 

not the incidence of myocardial infarction exhibited a systematic circadian variation, the following 

statistical approaches were prospectively chosen. Test of proportion was used to test the difference 

between the incidence of AMI in two groups of morning and evening. Statistically significant difference 

was defined as P value of less than 0.05. 

Results 

Sixty-nine men and thirty-one women with confirmed AMI were enrolled in the study. The mean age was 

55 years ± 15. The incidence of Myocardial infarction assessed by the onset of clinical symptoms and the 

time of admission exhibited a marked circadian variation with a peak period during morning hours. 

(Figure). Myocardial infarction occurred more frequently (74% vs. 26%, p=<0.001) (Table 1) during 

morning (period of maximum incidence) hours in the early morning hours as compared to evening hours 



(period of minimum incidence). There were also very few cases of AMI, reported in the subsequent hours 

but they do not approximate the increased frequency observed during morning hours. The circadian 

pattern in the incidence of Myocardial infarction was similar among older and young patients and in male 

and female patients. (Table 1). Tropnin T was found to be the most accurate diagnostic test, detecting 

about 89% of the cases of acute myocardial infarction. Males had more AMI compared to females. 

Hypertension was found to be the most common risk factor (47%)(Table 2). The most common 

presenting symptoms were retrosternal chest pain (91%) followed by dyspnea and others (Table 3). The 

Myocardial walls, which were more vulnerable to get infarct, are anterior wall (76%) followed by inferior 

(22%) and posterior walls (2%).  

Discussion 

The results of this study suggest an increased incidence of the onset of initial symptoms of AMI in morning 

hours. (Figure). This morning peak was shown consistently in different subgroups, which indicated that it 

is a phenomenon not attributable to risk variables alone. There was no indication of further periodicity 

except for the morning peak. Although a circadian variation in the onset of Myocardial Infarction is 

pointed out in several previous studies14-16, this study also extends previous observation. The factor 

responsible for this observation remains elusive for the most part and warrant further investigations. 

However, there are several clues to the factors responsible for this phenomenon. Platelets aggregation 

has been reported to be more responsive during morning.17-18 Conceivably, early morning 

hypercoagulability could enhance the intracoronary thrombosis and there by increases the risk of major 

advance cardiac events (MACE).19-21 Another important factor in the pathogenesis of the increased 

morning incidence of myocardial infarction may be the early morning increase of arterial pressure.22-23 

The increased arterial blood pressure, increases the myocardial oxygen demand that leads to the 

increased vulnerability of the myocardium to ischemia, secondly the increase in arterial blood pressure 

could enhance the risk of plaque fissure that has been shown to occur rapidly before myocardial 

infarction.24 Several other factors for e.g. hormonal changes25 or increase in coronary artery tone26,27 

may also play a role in the pathogenesis of this phenomenon. It has been proposed that in a number of 

cases, sudden cardiac death is the result of primary arrhythmic event.28 Such fatal arrhythmias are more 

likely to occur in the morning since increased activity of the sympathetic nervous system at that time.29 

which in turn may increase electrical instability and subsequent conduction defects.30 It has recently been 

suggested that there is a parallel reduction in incidence of myocardial infarction and sudden cardiac death 

in patients on aspirin prophylaxis or beta blocker therapy.31,32 

The limitation of the present investigation includes its small sample size, lack of enzymatic determination 

of the onset of AMI, failure to collect information from patients dying soon after hospital admission or too 

ill to provide informed consent. However this study does provide sufficient baseline data on which further 

work can be based.  

Conclusion 

Quiet obvious enough, morning appears to be a time when the "transient risk factors" that lead to sudden 

cardiac phenomenon are likely to be prominent. The present findings help to narrow the search for the 

possible cause or causes of the circadian variation in the onset of AMI. It is necessary to further 

investigate the physiological changes involved to eventually design more effective and preventive therapy 

and to reduce the incidence of the disorder.  

The recommendation that should be emphasized are: Anti platelet therapy reduces early morning 

myocardial infarction31, keeping the importance of platelet characteristics in mind. Prevention of blood 

pressure surge in the morning and limitation of myocardial oxygen demand may be protected by giving 

beta adrenergic blocking therapy 32 and long acting anti ischemic medication perhaps if taken at night 

provides better protection. From this study it is obvious that, the potential triggering activities such as 

extreme physical exertion, mental stress and early morning sexual activity should be avoided.33,34 Para-

medical staff should be trained accordingly to manage early morning cardiac emergencies.  

Acknowledgements 



This study was made possible by the cooperation of the cardiology staffs of the two hospitals; Dr. 

Ziauddin Medical University Hospital and National Institute of Cardiovascular Disease. This study would 

never be completed without the sincere efforts and prayers of my family and friends.  

References 

1. Portman M. A. Molecular clock mechanisms and circadian rhythms intrinsic to the heart. Circul 

Res2001;89;1084-86.  

2. Mickley H, Pless P, Nielsen JR, et al. Circadian variation of transient myocardial ischemia in the 

earlyout-of-hospital period after first acute myocardial infarction. Am J Cardiol 1991;67:927-32.  

3. Andrews TC, Fenton T, Toyosaki N, et al. Subsets of ambulatory myocardial ischemia based on 

heartrate activity: circadian distribution and response to anti-ischemic medication. Circulation 

1993;88:92100. 

4. Goldberg RJ, Brady P, Muller JE, et al. Time of onset of symptoms of acute myocardial infarction. Am 

JCardiol 1990;66:140-4. 

5. Ridker PM, Manson JE, Buring JE, et al. Circadian variation of acute myocardial infarction and theeffect 

of low-dose aspirin in a randomized trial of physicians. Circulation 1990;82:897-902. 

6. Willich SN, Lowel H, Lewis M, et al. Association of wake time and the onset of myocardial infarction: 

triggers and mechanisms of myocardial infarction (TRIMM) pilot study. Circulation 1991; 84:62-7.  

7. Hansen O, Johansson BW, Gullberg B. Circadian distribution of onset of acute myocardial infarction 

insubgroups from analysis of 10,791 patients treated in a single center. Am J Cardio. 1992;69:1003-

8. 

8. Tofler GH, Muller JE, Stone PH, et al. Modifiers of timing and possible triggers of acute 

myocardialinfarction in the thrombolysis in myocardial infarction phase II (TIMI II) study group. J Am 

Coll Cardiol 1992;20:1049-55.  

9. Siegel D, Black DM, Seeley DG, et al. Circadian variation in ventricular arrhythmias in 

hypertensivemen. Am J Cardiol 1992;69:344-7. 

10. Lampert R, Rosenfeld L, Batsford W, et al. Circadian variation of sustained ventricular tachycardia 

inpatients with coronary artery disease and implantable cardioverter-defibrillators. Circulation 

1994;90:241-7. 

11. Arntz HR, Willich SN, Oeff M, et al. Circadian variation of sudden cardiac death reflects age-

relatedvariability in ventricular fibrillation. Circulation 1993;88: 2284-9. 

12. Aronow WS. Circadian variation of primary cardiac arrest or sudden cardiac death in patients aged 62 

to 100 years (mean 82). Am J Cardiol 1993;71:1455-6. 

13. Maron BJ, Kogan J, Proschan MA, et al. Circadian variability in the occurrence of sudden cardiacdeath 

in patients with hypertrophic cardiomyopathy. J Am Coll Cardio. 1994;23:1405-9. 

14. Robert JG, Priscilla B, James EM. Time of onset of symptoms of acute myocardial infarction. Am 

JCardiol 1990;66:140-4. 

15. Muller JE, Ludmer PL, Willich SN, et al. Circadian variation in the frequency of sudden cardiac 

death.Circulation 1987; 75:131-8. 

16. Rocco MB, Barry J, Campbell S, et al. Circadian variation of transient myocardial ischemia in 

patientswith coronary artery disease. Circulation 1987;75:395-400. 



17. Kapiotis S, Jilma B, Quehenberger P, et al. Morning Hypercoagulability and Hypofibrinolysis: 

DiurnalVariations in Circulating Activated Factor VII, Prothrombin Fragment F1+2, and Plasmin-

Plasmin Inhibitor Complex. Circulation1997;96: 19-21.  

18. Siess W, Lorenz R, Roth P, et al. Plasma catecholamines, platelet aggregation and associated 

thromboxane formation after physical exercise, smoking or norepinephrine infusion. Circulation 1982 

66:44-8.  

19. Ehrly AM, Jung G. Circadian rhythm of human blood viscosity. Biorheology 1973;10:577-83. 

20. Kubota K, Sakurai T, Tamura J, et al. Is the circadian change in hematocrit and blood viscosity a 

factor triggering cerebral and myocardial infarction? Stroke 1987;18:812-13.  

21. Tofler GH, Brezinski D, Schafer AI, et al. Morning increase in platelet response to ADP and 

epinephrine: association with the time of increased risk of myocardial infarction sudden cardiac death. 

N Engl Med 1987:316:1514 -18. 

22. Millar-Craig MW, Bishop CN, Reftery EB: Circadian variation of blood pressure. Lancet 1978;1:795-7. 

23. Meyer-Sabellek W, Schulte KL, Distler A, et al. Followup of a method of twenty-four-hour indirectblood 

pressure monitoring. Nephron 1987;47:42-6. 

24. Davies MJ, Thomas AC. Plaque fissuring; The case of acute myocardial infarction, sudden 

ischemicdeath and crescendo angina. Br Heart J 1985;53:363-73. 

25. Dodt C, Breckling U, Derad, et al. Plasma Epinephrine and Norepinephrine Concentrations of 

healthyhumans associated with nighttime sleep and morning arousal. Hypertension 1997; 30:71-6.  

26. Yeung AC, Vekshtein VI, Krantz DS, et al. The effect of atherosclerosis on the vasomotor response 

ofcoronary arteries to mental stress. N Engl J Med 1991;325:1551-6. 

27. El-Tamimi H, Mansour M, Pepine C, et al. Circadian variation in coronary tone in patients with 

stableangina :pProtective role of the endothelium. Circulation 1995;92: 3201-5. 

28. Peters RW, Zoble RG, Liebson PR, et al. Identification of a secondary peak in myocardial 

infarctiononset 11 to 12 hours after awakening: the cardiac arrythmia suppression trial (CAST) 

experience. J Am Coll Cardiol. 1993; 22:998-1003.  

29. Muller JE, Tofler GH, Verrier RL. Sympathetic activity as the cause of the morning increase in 

cardiacevents: a likely culprit, but the evidence remains circumstantial. Circulation 1995;91:2508-9. 

30. Kupari M, Koskinen P, Leinonen H. Double-peaking circadian variation in the occurrence of 

sustainedsupraventricular tachyarrhythmias. Am Heart J 1990;120:1364-9. 

31. Mulcahy D, Keegan J, Cunnigham J, et al. Circadian variation of total ischemic burden and its 

alteration with anti-anginal agents. Lancet 1988;2:755-9. 

32. Willich SN, Linderer T, Wegscheider K, et al. ISAM Study Group. Increased morning incidence 

ofmyocardial infarction in the ISAM study: absence with prior ß-adrenergic blockade. Circulation 

1989;80:853-8. 

33. Willich SN, Lewis M, Lowel H, et al The triggers and mechanisms of myocardial infarction. 

PhysicalExertion as a trigger of acute myocardial infarction. N Engl J Med 1993;329:1684-90. 

34. Rozanski A, Bairey CN, Krantz DS, et al. Mental stress and the induction of silent myocardialischemia 

in patients with coronary artery disease. N Engl J Med 1988; 318:1005-12. 


