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Relevance of blood pressure variation in the circadian onset
of cardiovascular events
Thomas Giles
Ambulatory blood pressure monitoring enables the
recording of the circadian rhythm of blood pressure under
everyday circumstances, with the majority of individuals
displaying diurnal variations in both systolic and diastolic
blood pressures. During sleep, blood pressure in most
people is between 10% and 20% lower than the mean
daytime value. On arousal and the start of day-to-day
activities, there is a surge in blood pressure that may last for
between 4 and 6 h. Extensive evidence shows that
ambulatory blood pressure is superior to office values in
predicting cardiovascular risk. Cardiovascular events, such
as myocardial infarction, ischaemia and stroke are more
frequent in the morning hours, soon after waking, than at
other times of day. Circadian variations in biochemical and
physiological parameters help to explain the link between
acute cardiovascular events and the early morning blood
pressure surge. Recent observations in elderly Japanese
individuals demonstrate that greater early morning blood
pressure surges are related to an increased incidence of
overt cerebrovascular disease; individuals with the greatest
increases in blood pressure on awakening also had the
greatest prevalence of silent ischaemic events and were

Introduction
Blood pressure is a continuous variable and usually
displays a biorhythm in both normotensive and hypertensive individuals [1]. Typically, blood pressure is
highest in the mid-morning and lowest during the night,
with a 10–20% difference between mean night-time
and mean daytime values [2]. Several haemodynamic,
neurohumoral and other factors interact to produce this
circadian variation in blood pressure [3]. In addition to
diurnal changes in blood pressure, heart rate, total
peripheral resistance and, hence, cardiac output vary
at different times of the day [4]. Circadian variations in
the density of b-adrenoceptors [5] and mRNA expression of angiotensin type 1 receptors [6] have also been
detected in animal models.
The renin–angiotensin–aldosterone system (RAAS) is
activated in the early morning before arousal, with
increased production of renin [7] and angiotensin II
[8], as a result of activation of the sympathetic nervous
system [3]. In the healthy individual, this is a physiological adjustment to compensate for the change from a
horizontal to a vertical position and consequent increased
cardiovascular demand [9]. This is reinforced by the
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more likely to experience multiple infarcts. Antihypertensive
drugs that provide blood pressure control at the time of the
early morning surge should provide greater protection
against target-organ damage and enhance patient
prognosis. Ambulatory blood pressure monitoring may be
particularly helpful in assessing the circadian
pharmacodynamics of such antihypertensive drugs. The
technique has demonstrated, for example, a significantly
greater reduction in blood pressure for the last 6 h of the
24-h dosing interval with telmisartan compared with
valsartan. J Hypertens 23 (suppl 1):S35–S39 Q 2005
Lippincott Williams & Wilkins.
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observation that night-shift workers have an inversed
circadian rhythm, with a peak blood pressure at 23.00 h
[10]. However, if the RAAS is dysregulated, the large
increases in angiotensin II concentrations of the order of
200% that occur in the early morning may have serious
pathological consequences. In addition to vasoconstriction, angiotensin II brings about vascular inflammation
and increased risk of thrombosis via effects on the coagulation and thrombolytic systems [11].
There is now considerable circumstantial evidence for a
link between the morning surge in blood pressure and
increased cardiovascular risk. Acute cardiovascular events
display a similar circadian pattern, with increased vulnerability during the early morning hours; this article
reviews the evidence. In the development of drugs that
modulate the pathophysiological changes mediated by
the RAAS, the effects of such agents on the circadian
rhythm of blood pressure and their impact on cardiovascular disease are important considerations.

Importance of ambulatory blood pressure
The original research into the circadian variation in blood
pressure was performed by intra-arterial recordings [1].
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The development of compact, non-invasive ambulatory
blood pressure monitors has facilitated the recording of
the circadian rhythm of blood pressure in individuals
under everyday circumstances, with the minimum of
inconvenience to the individual. The use of ambulatory
blood pressure monitoring (ABPM) has expanded in
recent years, with increasing use in day-to-day clinical
practice. The technique provides a picture of the 24-h
haemodynamic load and is valuable in the prediction of
outcome in patients with treated or untreated hypertension. There is extensive evidence that overall targetorgan damage score [12], left ventricular mass [13],
impaired left ventricular function [13,14], albuminuria
[15–17], brain damage [18] and microvascular disease, in
particular retinopathy [19], correlate better with 24-h
mean blood pressure than with office blood pressure.
This does not, however, invalidate the usefulness of
routine office blood pressure measurements in monitoring the progress of patients with high blood pressure and
the effectiveness of antihypertensive therapy.
The predictive value of ambulatory blood pressure measurement, and its superiority to office blood pressure
measurements, has been demonstrated in prospective studies (Table 1) [20–26]. The most recent of these
(Office versus Ambulatory blood pressure; OvA) is the
first to be performed in patients receiving treatment for
hypertension [26]; Clement and co-workers enrolled 1963
hypertensive patients and followed them for approximately 5 years. Over this period, new cardiovascular
events were identified in 157 patients. Among patients
in three categories of office systolic blood pressure (SBP;
<140 mmHg, 140–150 mmHg and 160 mmHg), a 24-h
mean ambulatory SBP  135 mmHg predicted a greater
incidence of cardiovascular events than did a 24-h mean
ambulatory SBP < 135 mmHg (Fig. 1). After adjustment
for age, sex, smoking status, diabetes, serum cholesterol
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concentrations, body mass index, treatment with lipiddecreasing drugs, history of cardiovascular events and
office blood pressure, it was found that greater mean
24-h ambulatory SBP and diastolic blood pressure (DBP)
were independent risk factors for a new cardiovascular
event.
One of the important uses of ABPM is in the identification of individuals with white-coat hypertension, defined
as a normal ambulatory blood pressure (24-h mean <120/
80 mmHg) despite increased office values (>140/
90 mmHg). This is a relatively frequent phenomenon,
being present in 20–35% of so-called ‘hypertensive individuals’ [27]. Fagard et al. [28], in the Systolic hypertension in Europe (Syst-Eur) trial, did not find evidence that
such patients benefit from antihypertensive treatment, as
there was no difference in outcome compared with that
obtained with placebo. The importance of this finding is
reflected in the relatively recent introduction of Medicare
coverage for ABPM in order to evaluate patients with
white-coat hypertension.
The converse situation can also occur: white-coat normotension (otherwise known as ‘masked hypertension’), in
which office blood pressure is within the normal range,
but the ambulatory blood pressure is elevated [29]. The
phenomenon has not been extensively studied, as sufferers are not easily identified. In individuals with an
awake mean ambulatory SBP/DBP of > 134/90 mmHg
and an office blood pressure of < 140/90 mmHg, Liu and
colleagues [30] found that the thicknesses of the left
ventricles and the carotid wall were similar to those in
patients with sustained hypertension; this was despite
average differences in office blood pressure of 25/
16 mmHg.
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Triggering of cardiovascular events
The relationship between the early morning blood pressure surge, which may last for between 4 and 6 h [31], and
cardiovascular events is not fully understood. Haemodynamic, haematological and neurohumoral factors may all
be contributory (Fig. 2). Many cardiovascular events are
precipitated by fissure of atherosclerotic plaques and
consequent arterial thrombosis [32]. Before rupture,
these lipid-rich plaques are not obstructive, but have a
thin fibrous covering that is susceptible to fissure in
response to increasing shear stress associated with the
surge in blood pressure. The situation is amplified by
increased sympathetic activity and plasma catecholamine
concentrations [33], with a consequent increase in heart
rate (Fig. 3) [34]. Other contributory factors are increases
in vascular tone [35], platelet aggregability [36,37] and
blood viscosity [38], together with decreases in protective
factors, including fibrinolytic and vagal activity [39].
The clinical consequences of these haemodynamic and
neurohumoral changes are numerous. A significant circadian surge in transient myocardial ischaemia on awaking
has been detected, for example, in patients with coronary
artery disease [40]. Peak ischaemic activity, measured by
the Holter ST-segment depression, has been observed in
the first and second hours after awakening. This finding
provides an explanation as to why many patients report
that they experience angina more frequently, or even
exclusively, in the morning on arising. Similarly, observations of 1167 patients with ischaemic stroke revealed that
the onset of stroke was more common between 10.00 h
and 12.00 h than for any other 2-h interval of the day or
early evening [41]. It was also found that the late evening
was the period when the onset of stroke was least likely
[41]. The increased relative risk of an acute myocardial
infarction occurring between 06.00 h and 12.00 h, based
on the proportion of actual numerical incidence compared with the expected number of incidences if no
circadian variation existed, has been calculated by Cohen
and co-workers [42], using data from 66 635 patients in 30
Fig. 2
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published studies, to be 38%. Furthermore, meta-analysis
of data from 31 publications for the onset of 11 816
strokes of all types found that the increased relative
risk of occurrence between 06.00 h and 12.00 h was
49% [43].
A recently reported study illustrates the importance of
the rate of increase in the haemodynamic load, as a result
of dysregulation of the RAAS, for the risk of a cardiovascular event [44]. ABPM was performed in elderly
Japanese patients with hypertension to establish the
extent of the morning blood pressure surge, which was
calculated as the mean SBP during the 2 h after waking
minus the mean value during the 1 h that included the
lowest blood pressure while sleeping. Magnetic resonance imaging was also performed to determine the
presence of silent cerebral infarcts. Kario et al. [44]
observed that the prevalence of silent cerebral infarcts
was highest in the decile with the greatest morning blood
pressure surge (55 mmHg); furthermore, during the
follow-up period, the incidence of stroke was highest
in these patients.

Evaluation of antihypertensive efficacy using
ambulatory blood pressure monitoring
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Mechanisms triggering cardiovascular events during the early morning
blood pressure surge. BP, blood pressure; CV, cardiovascular.

ABPM is a powerful tool in evaluating the pharmacodynamics of antihypertensive treatment [45]. Given the
extensive evidence for the increased prevalence of cardiovascular events in the early morning hours, it is
important that the treatment controls blood pressure at
this time of day. To promote compliance, most antihypertensive drugs are taken once daily, and usually in the
morning after the patient has got out of bed; it is, therefore, crucial that these drugs provide 24-h control of blood
pressure to cover the risky early morning period. Evidence for the involvement of the RAAS in the morning
blood pressure surge also suggests that agents targeting
angiotensin II may be particularly beneficial.
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Enhanced prediction of cardiovascular risk is provided by
24-h ABPM. In day-to-day clinical practice, the technique enables the identification of patients with white-coat
hypertension, in whom the risk of a cardiovascular event
is relatively low. In patients with evidence of target-organ
damage, such as left ventricular hypertrophy, ABPM may
identify masked hypertension.
The uses of ABPM extend to the evaluation of the
efficacies of antihypertensive drugs. Data from 24-h
ABPM may predict protection against target-organ
damage, in addition to being used in evaluating the
duration of action of drugs, thus establishing frequency
of dosing, and determining effects on the circadian
rhythm of blood pressure.
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