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Abstract t 

Theree are conflicting reports regarding circadian variation in the onset of acute myocardial 

infarctionn (MI) among patients with diabetes mellitus. We therefore, studied the circadian 

patternn of the incidence of acute MI in patients (n= 3882) enrolled in the Onset Study 

stratifiedd by the presence, type and duration of diabetes. The Onset Study was conducted 

att 64 US medical centers between August 1989 and September 1996. We used harmonic 

regressionn model to evaluate the circadian variation of MI symptom onset in patients 

withh and without diabetes. Subgroups analysis was performed according to the presence, 
7 7 

typetype and duration of diabetes by the X test (dividing the day into four 6-hour intervals). 

Patientss without diabetes exhibited a prominent morning peak in the incidence of acute 

MII  symptom onset (p< 0.001). In contrast, patients with type 1 diabetes and type 2diabetes 

>> 5 years had a marked attenuation of the morning peak. Patients with type 2 diabetes 

diagnosedd within the previous 5 years had a pattern of onset of acute MI similar to 

patientss without diabetes. Patients with type 1 diabetes and those with type 2 diabetes > 5 

yearss have an attenuation of the morning peak in acute MI . Inconsistency in observation 

off  such an effect in patients with diabetes in the past may well have been due to difference 

inn the duration of diabetes and thus the variable extent of underlying autonomic 

dysfunction. . 
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Orcadiann variation and diabetes mellitus 

Background d 

Thee onset of acute myocardial infarction (MI) varies throughout the day, with a peak 

inn the morning hours and a trough at night (1-3). However, there are conflicting reports 

regardingg circadian variation in the onset of acute MI among patients with diabetes 

(4-6).. Possible reasons for the inconsistency in the literature might be due to difference 

inn the duration of diabetes and thus the extent of underlying autonomic dysfunction. 

Diabetess is associated with an abnormal circadian pattern of several physiologic 

processes,, including, concentrations of glucose (7) and circulating glucocorticoids 

(8,9).. Furthermore, diabetic neuropathy associated with a longer duration of diabetes 

mayy lead to loss of the normal circadian pattern of autonomic nervous system activity 

(10,11),, and altered normal circadian variation in blood pressure with a loss of the 

nocturnall  dip (12,13). Only recendy Liao et al. showed that a lower heart rate variability, 

aa reflection of impaired cardiac autonomic control, was also associated with 

developmentt of coronary heart disease among individuals with diabetes (14). Zarich 

ett al. performed autonomic nervous system testing on patients with ambulatory ischemia 

andd showed that patients with moderate to severe autonomic nervous system 

dysfunctionn did not experience a morning peak of ischemia (15). 

Too determine whether duration of diabetes has an impact on the circadian variation 

off  MI onset, we studied the circadian pattern of acute MI symptom onset in patients 

withh diabetes mellitus, among patients enrolled in the Determinants of Myocardial 

Infarctionn Onset Study (16). 

Methods s 

Thee Onset Study was conducted in 64 medical centers in the United States. Between 

Augustt 1989 and September 1996, 3882 patients (1258 women and 2624 men) were 

interviewedd at a median of 4 days (range 0 to 30) after having a myocardial infarction. 

Trainedd research interviewers identified eligible patients by reviewing coronary care 

unitt admission logs and patient charts. For inclusion, patients were required to have a 

creatinee kinase (CK) level above the upper limit of normal for each center, positive 
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MBB isoenzymes, an identifiable onset of symptoms typical of infarction, and the 

abilityy to complete a structured interview. The institutional review board of each center 

approvedd this protocol, and interviewers obtained informed consent from each patient. 

Interviewerss used a structured data abstraction and questionnaire form. Information 

collectedd from each interview and chart review included patient age, sex, medical 

history,, and medication use (both prescription and nonprescription). We used the 

patient-reportedd time that the discomfort began as the onset time for acute myocardial 

infarction,, a method previously validated with the use of serial CK values (1). 

Wee defined diabetes as a history of diabetes obtained during chart review or the 

currentt use of any hypoglycemic medication. The type of treatment for diabetes was 

consideredd as diabetes controlled by diet, use of oral hypoglycemics (first and second 

generationn sulfonylureas, metformin) or insulin therapy. Duration since diagnosis of 

diabetess was established from the medical records if available — otherwise interviewers 

askedd the patients to report the duration. 

Thee hourly frequency of the onset of MI symptoms was graphically displayed. We 

usedd harmonic regression models to evaluate the circadian variation of onset of MI 

symptomss in patients with diabetes and patients without diabetes as previously reported 

(17).. For further analysis we divided the day in into four 6-hour intervals from 0:00 to 

5:59,, 6:00 to 11:59, 12:00 to 17:59, and 18:00 to 23:59. The presence of circadian 

variationn was tested using the chi-square 1-degree of freedom goodness-of-fit test for 

uniformm distribution. Difference in the circadian variation in the onset of MI was 

assessedd using a Pearson # test. 

Results s 

Thee characteristics of the study population have been previously reported (16-18) and 

aree summarized in Table 1. 

Thee Figure shows the hourly distribution of MI symptom onset, among patients with 

andd without history of diabetes. A statistically significant circadian pattern of MI 

symptomm onset with a single peak in the morning hours was observed in patients 
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Tablee 1 - Characteristics of Onset Study Patients According to Medical History of Diabetes. 

Variables**  Diabetes(n= 814) No diabetes(n= 3068) P-value 

Agee (years) 
Female e 
Whitee race 
BMII  (kg/m2) 
Currentt Smoker 
Formerr smoker 
Obesee (> 29 kg/m2) 
ff  No Exertion 
I^ducation: : 

II  .ess than high school 
Completee High school 
Somee College 

Pastt Cardiac History 
Previouss MI 
Angina a 
Hypertension n 
CHFF - Baseline 

Regularr Use of Medication 
Aspirin n 
Caa Blockers 
Digoxin n 
B-- Blockers 
ACEE Inhibitors 

Characteristicss of Index Hospitalization 
CHF F 
Q-wavee Infarction 
Thrombolyticc Therapy 

5 5 
3566 (43.8%) 
6566 (80.6%) 

6 6 
1733 (21.3%) 
3533 (43.4%) 
3588 (44.0%) 
6988 (85.7%) 

2188 (26.8%) 
3566 (43.8%) 
2400 (29.5%) 

2899 (35.5%) 
2600 (32%) 

4766 (58.5%) 
311 (3.8%) 

3211 (39.4%) 
2899 (35.5%) 
855 (10.4%) 
1899 (23.2%) 
1588 (22.7%) 

1733 (21.3%) 
4122 (50.6%) 
258(31.7%) ) 

60.6112.9 9 
9022 (29.4%) 
2734(88.6%) ) 

0 0 
2966 (36.4%) 
12000 (39.1%.) 
8900 (29.0%) 
22922 (74.7%) 

6411 (20.9%) 
12677 (41.3%) 
1163(37.9%) ) 

7588 (24.7%) 
6877 (22.4%) 
1221(39.8%) ) 
5400 (1.8%) 

1135(37.0%) ) 
6388 (20.8%) 
1722 (5.6%) 
6444 (21%) 

3288 (10.7%) 

344(11.2%) ) 
17955 (58.5%) 
12922 (42.1%) 

<.001 1 
<.001 1 
<.001 1 
<.001 1 
<.0()1 1 
0.03 3 

<.001 1 
<.001 1 
<.001 1 

<.001 1 
<.001 1 
<.001 1 
.001 1 

0.2 2 
<.001 1 
<.001 1 
0.17 7 

<.001 1 

<.001 1 
.001 1 

<.001 1 

**  Missing data; 39 patients for race, 60 patients for BMI , 32 patients for smoking status, 73 patients 
forr previous MI . f Physical exertion >6 METs less than once weekly. ACE = angiotensin-converring 
enzyme;; BMI = body mass index; CHF = congestive heart failure; VT - ventricular tachycardia. 

withoutt diabetes (p-value< 0.001), whereas no such peak was observed among 814 

patientss with a history of diabetes (p-value = 0.16). 

Tablee 2 shows the distribution of the time of MI onset in 6-hour intervals, according 

too the type and duration of diabetes. A significant morning peak in MI symptom 

onsett was seen among patients without diabetes, and was somewhat, blunted in the 

entiree group of patients with diabetes. Further analysis revealed that the expected 

morningg peak in the MI symptom onset was preserved among patients with type 2 
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Tablee 2 Orcadian Variation of Acute Myocardial Infarction by Type and Duration of Diabetes Mellitus. 

Noo Diabetes, °/o 
Alll  Diabetes, % 

Typee of Diabetes 
Typee 2 < 5yrs, % 
Type22 > 5yrs, % 
Typee 1,% 

n n 

3068 8 
814 4 

246 6 
258 8 
137 7 

0:000 - 3:59 

21 1 
22 2 

18 8 
23 3 
25 5 

6:0( ( -- 11 

30 0 
28 8 

31 1 
23 3 
28 8 

59 9 12:00-- 17 

26 6 
24 4 

24 4 
28 8 
21 1 

:59 9 18:00-23:59 9 

23 3 
26 6 

26 6 
26 6 
26 6 

P-value* * 

<0.001 1 
0.06 6 

0.03 3 
0.65 5 
0.73 3 

-valuee for 1 degree of freedom y_ goodness of fit test. 

B. . 

0) ) 

OO 175 
E E 
SS 150 
E E 
ww 125 

SS 100 

aii 75 

oo 50 

££ 25 
E E 3 3 
22 0 

NN = 3068 
P<0.001 1 

n n 

II1 1 

„„ 50 

MNN 6 AM Noon 6PM 

Hourr of Onset of Myocardial Infarction 

MNN 6 AM Noon 6PM 

Hourr of Onset of Myocardial Infarction 

Hourlyy frequency distribution of time of symptom onset of myocardial infarction. Panel A shows 
thee distribution in patients without a history of diabetes. Panel B shows the distribution in patients 
withh diabetes. The line represents the fitted harmonic regression model. P-values from the 1- degree 
off  freedom goodness of fit test for uniform distribution. MX - Midnight. 

diabetess diagnosed within the past 5 years. However, there was no apparent circadian 

variationn in MI onset among patients with type 1 diabetes or those with type 2 diabetes 

off  5 or more year duration. 

Althoughh not a previous hypothesis we noted that patients with diabetes appeared to 

havee a higher proportion of infarcts in the late evening around 10 tol 1 pm (figure). 

Despitee this, the harmonic regression analysis did not demonstrate a statistically 

significantt secondary peak in MI onset among patients with diabetes (p-value = 0.13). 
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Discussion n 

Inn this multicentcr study of early survivors of acute MI , we observed a circadian 

patternn of acute MI symptom onset in patients with and without history of diabetes. 

However,, patients with type 1 diabetes and those with type 2 diabetes for 5 or more 

yearss had a marked attenuation of the morning peak in acute myocardial infarction. 

Hjalmarsonn et al. were the first to show, that the characteristic day-night pattern in the 

onsett of myocardial infarction is altered in patients with diabetes (4). These findings 

havee been confirmed by several studies (19-22). In conflicting reports, other studies 

failedd to show such a variation in the circadian pattern in the onset of MI (5,6,23,24) 

amongg patients with a history of diabetes. 

AA surge in sympathetic activity and vagal withdrawal in the morning hours alters 

homodynamicc forces and causes atherosclerotic plaques to rupture in the morning 

(25).. Morning elevation in plasma catecholamines and renin levels, heart rate and 

bloodd pressure, and coronary blood flow (26-29), may increase shear forces in the 

coronaryy arterial bed thus promoting plaque disruption, causing unstable angina and 

acutee MI (30). Moreover it has been demonstrated that patients receiving Beta blockers 

faill  to exhibit the morning increase in the incidence of MI (31,32). 

Thiss concept that the autonomic nervous system plays an important role in determining 

thee circadian pattern of cardiovascular events suggests that in patients with diabetes, 

abnormalitiess in the circadian rhythm of autonomic tone may be responsible for the 

alteredd temporal onset of cardiovascular events (33,34). 

Autonomicc neuropathy is common in diabetes, affecting 8% of recently diagnosed 

patientss with type 1 diabetes (35). In patients with type 2 diabetes, Toyry et al. observed 

thatt the risk to develop parasympathetic neuropathy increased sharply after 5 years, 

andd prevalence for combined autonomic neuropathy reached 65% after 10 years of 

followw up (36). In a recent study in patients with type 2 diabetes, cardiac sympathetic 

dysinnervationn was observed even before ECG-based cardiac autonomic neuropathy 

wass diagnosed (37). 

Ass previously mentioned, in the general population, the circadian rhythm of 

sympathovagall  balance consists of a daytime prevalence sympathetic activity, with a 
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prominentt increase in parasympathetic activity during the night (24). Bernardi and 

colloguess demonstrated, using spectral analysis of heart rate variability, that diabetic 

autonomicc neuropathy is associated with a marked diminution of parasympathetic 

activationn during sleep (38). In a similar study (39) Saver et al. found that the rhythm 

off  sympathovagal balance was significantly attenuated in patients with diabetes 

comparedd to those without diabetes. This indicates that neuropathic defects that 

characterizee patients with type 2 diabetes have potentially important physiological 

consequencess including loss of the normal 24-hour blood pressure profile (40) with 

thee loss of its characteristic nocturnal dip. 

Thesee factors might predispose patients with long standing diabetes to trigger 

cardiovascularr events at nighttime along with the absence of morning peak, accounting 

forr attenuation of circadian variation of MI in these patients (41). 

AA possible limitation of our study is inaccuracy in the identification of diabetes. We 

reliedd on the clinical diagnosis of diabetes made by the treating clinicians in the medical 

recordd and by patient self-report. This approach may have misclassified patients with 

unrecognizedd diabetes. Such misclassification would tend to minimize the effect of 

diabetes,, so the relative risks reported here might be overly conservative. 

Ourr study demonstrates that the circadian morning peak of MI symptom onset is 

attenuatedd in patients with type I diabetes or type 2 diabetes for 5 or more vears, 

suggestingg a role of autonomic dysfunction. Inconsistency in observation of such an 

effectt in patients with diabetes in the past may well have been due to differences in the 

durationn of diabetes and thus the variable extent of underlying autonomic dysfunction. 
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