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Should we get up in the morning? Observations on circadian
variations in cardiac events

The recent fascination with circadian patterns in cardio-
vascular disease processes has led to a plethora ofpapers on
the subject. But why do such variations occur and what
does it all mean? In this article we analyse the findings of
recent studies and discuss the clinical implications of
circadian variations in cardiovascular disease processes.

Myocardial infarction, sudden cardiac death, and
stroke
Several studies show a significant peak in the incidence of
acute myocardial infarction in the morning waking
hours."' Hjalmarson et al, in a study of over 4500 patients
with acute myocardial infarction, reported a primary
morning peak in events and a lesser evening peak (fig 1),'
confirming the findings of Muller and colleagues.2 In the
ISAM (intravenous streptokinase in acute myocardial
infarction) trial and the Physicians Health Study there was
a significant morning peak in acute myocardial infarction.3 4
Also Thompson and his colleagues found a primary peak in
the morning and a lesser one at midnight for onset of chest
pain.5 Reports assessing the time of sudden cardiac death
confirm the same morning peak in incidence.67 This is not
surprising because many sudden deaths result from acute
myocardial infarction. The incidence of ischaemic stroke
has also been shown to be highest in the morning.8

Why "thrombosis and death at dawn"?
To determine why these critical cardiac events cluster in
the morning waking hours, we must look at the variables
that predispose to such events. Myocardial ischaemia can
now be assessed easily during daily routines by ambulatory
ST segment monitoring, and in patients with coronary
disease it has been amply demonstrated that there is a
considerable increase in ischaemic activity (both silent and
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symptomatic) during the morning waking hours,910 which
may predispose to the end points of coronary disease. The
variables that we seek to control by medical treatment in
patients with coronary artery disease include heart rate,
blood pressure, coronary blood flow, and the thrombotic
state. It has now been shown that a surge in heart rate" 12
and blood pressure2 13 at this time coincides with a peak in
catecholamine release.'4 These combined alterations
increase myocardial oxygen demand, coronary and sys-
temic vasoconstriction, and the risk of ventricular arrhyth-
mia. The surge in blood pressure increases shear stresses at
the sites of coronary stenoses which may lead to plaque
fissuring with its resultant complications. Coronary blood
flow is also significantly less in the morning than in the
afternoon,'5 resulting in a reduction in myocardial oxygen
supply. There is a peak in platelet stickiness in the
morning'4 16 and a trough in the fibrinolytic state.7 18 Thus
the tendency to thrombosis is greatest at this time.

Should we stay in bed until after lunch?
Staying in bed in the morning is not likely to be cardio-
protective; a recent study by Goldberg et al'9 tends to
confirm this. They showed a peak incidence (23%) of onset
ofsymptoms ofacute myocardial infarction in the first hour
after awakening rather than, less specifically, in themorning
hours (fig 2).'9 Ridker et al's study also showed this
association with awakening.4 Rocco and colleagues showed
that transient ischaemia is more common in the two hours
after awakening.9 The peak in platelet stickiness seems to
relate not particularly to time but to getting up.'6 Though
blood pressure begins to rise before waking the major surge
results from the start of daily activities.'3 Finally, members
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Figure I Distribution of hours ofsymptom onset of myocardial Figure 2 Time of onset of initial symptoms of acute myocardial
infarction (n = 4796) by six-hour intervals (reproduced with infarction after awakening (reproduced with permission of Goldberg RJ,
permission of Hjalmarson A, et al. Circulation 1989;80:267-75). et al. Am J Cardiol 1990;66:140 4).
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Figure 3 Estimated time andfrequency of myocardial infarction onset
among 11 034 subjects at risk in the aspirin group and 11 037 subjects at
risk in the placebo group (reproduced with permission of Ridker PM, et
al. Circulation 1990;82:897-902).

of a symphony orchestra who had an unusual temporal
pattern of work showed significant alterations in the cir-

20cadian pattern of heart rate, which presumably reflects
similar changes in catecholamine release and blood pres-
sure. Because most people get up in the morning it is
difficult to study circadian patterns in cardiac disease. Ifwe
all got up at noon the peak in cardiovascular events would
probably simply be shifted to the afternoon. Thus the
concept of "thrombosis and death at dawn" could be more
aptly described as "thrombosis and death on arising". The
potential cardiovascular benefits of not getting up at all
would surely be far outweighed by a reduced quality of life
and the complications of prolonged bed rest.

Can we modify these circadian patterns?
In theory, any pharmacological intervention that alters
heart rate, blood pressure, coronary blood flow, or the
thrombotic state favourably for the coronary patient should
have its greatest beneficial effect in the morning waking
hours. This has been confirmed in various studies. Muller et
al noted that there was no morning peak in acute myocar-
dial infarction in those receiving # blocking agents,2 and
this was confirmed in the ISAM trial3 and in Hjalmarson's
report.' Furthermore, ,B blockers eradicate the morning
peak in ischaemia,'0 21 and in the Beta-Blocker Heart Attack
Trial the incidence of sudden death was significantly
reduced in the group receiving propranolol, with this

beneficial effect being almost totally confined to themorning
hours.22 Calcium antagonists do not seem reliably to alter
the circadian pattern of ischaemia'0 or acute myocardial
infarction,3 suggesting that alteration in coronary
vasomotor tone is not the predominant precipitating factor
in these morning events: indeed it has been clearly shown
that those patients with extreme alteration in coronary
vasomotor tone (coronary spasm) have a peak in ischaemic
episodes at night.23 A recent study of high doses of
nifedipine, however, suggests that the morning surges in
ischaemia can be prevented.24
Although Willich et al found no alteration in the

"classical" circadian pattern of infarction in those receiv-
ing aspirin,3 the recently published Physicians Health
Study of over 22 000 subjects showed a significant reduc-
tion in the incidence of non-fatal myocardial infarction in
those receiving aspirin, and showed that this beneficial effect
resulted largely from a reduction in events in the morning
waking hours, the reported time of peak platelet stickiness
(fig 3).4

Clinical implications
Only one general fact has emerged from the study of
circadian patterns in cardiovascular function: the time soon
after awakening is a particularly dangerous one for the
coronary patient (fig 4). This is not surprising because we
know that all the variables that we seek to control and
modify with medical or surgical intervention act against the
patient with coronary disease primarily at this time. We
now know that we can modify the circadian patterns of
ischaemia and the end points of cardiac disease particularly
with the use of # blockade, though whether this translates
into an improved outlook for the patient is not clear.
Aspirin modifies the morning peak in infarction and does
improve patient outlook, suggesting a strong relation
between platelet activity and acute myocardial infarction.
The morning peak in "cardiovascular disease activity" and
the alteration in circadian patterns in those with different
temporal patterns of work emphasise the potential impor-
tance of 24 hour protection for the cardiac patient. Further
study is required in patients with coronary artery disease
and altered temporal patterns of work to establish whether
the end points of coronary disease are related primarily to
the sleep-wake period or to identifiable periods of increased
activity or stress during daily life.
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Figure 4 Ciradian variation in transient myocardial ischaemia, non-
fatal myocardial infarction, and sudden cardiac death (reproduced with
permission of Mulcahy D, et al. Lancet 1988;ii:755-9).
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