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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

more likely to experiencemultiple 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
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Introduction
Blood pressure is a continuous variable and usually

displays a biorhythm in both normotensive and hyper-

tensive 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 expres-

sion 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 physiolo-

gical adjustment to compensate for the change from a

horizontal to a vertical position and consequent increased

cardiovascular demand [9]. This is reinforced by the

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 vasoconstric-

tion, angiotensin II brings about vascular inflammation

and increased risk of thrombosis via effects on the coa-

gulation 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 vulner-

ability 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 cardio-

vascular 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 hyperten-

sion. There is extensive evidence that overall target-

organ 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 monitor-

ing the progress of patients with high blood pressure and

the effectiveness of antihypertensive therapy.

The predictive value of ambulatory blood pressure mea-

surement, and its superiority to office blood pressure

measurements, has been demonstrated in prospec-

tive 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 approxi-

mately 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

concentrations, body mass index, treatment with lipid-

decreasing 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 identifica-

tion 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 indi-

viduals’ [27]. Fagard et al. [28], in the Systolic hyperten-

sion 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 normo-

tension (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 suf-

ferers 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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Table 1 Prospective studies showing the predictive value of
ambulatory blood pressure is superior to office blood pressure

Authors Year Population n Comments

Perloff
et al. [20]

1983 Referred 1076 Low risk if ambulatory blood
pressure < office blood
pressure

Verdecchia
et al. [21]

1994 Referred 1187 White-coat hypertension
patients at low risk

Imai
et al. [22]

1996 Population 1789 Ambulatory and home blood
pressure predictive,
office blood pressure not

Redon
et al. [23]

1998 Refractory 86 Low risk if ambulatory blood
pressure < office
blood pressure

Khattar
et al. [24]

1998 Referrred 479 White-coat patients at low
risk (intra-arterial recording)

Staessen
et al. [25]

1999 Syst-Eur trial 808 Ambulatory blood pressure
gives better prediction

Clement
et al. [26]

2003 Treated
hypertensive
patients

1963 Raised ambulatory blood
pressure predictive

Syst-Eur, Systolic Hypertension in Europe.
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Higher ambulatory systolic blood pressure (SBP; �135 mmHg) in
hypertensive patients predicts cardiovascular (CV) risk. (Reproduced
from Clement DL, De Buyzere ML, De Bacquer DA, de Leeuw PW,
Duprez DA, Fagard RH, et al. Prognostic value of ambulatory blood-
pressure recordings in patients with treated hypertension.
N Engl J Med 2003; 348:2407–2415 [26], with permission. Copyright
# 2003 Massachusetts Medical Society. All rights reserved.)



Triggering of cardiovascular events
The relationship between the early morning blood pres-

sure surge, which may last for between 4 and 6 h [31], and

cardiovascular events is not fully understood. Haemody-

namic, 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 circa-

dian 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, observa-

tions 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 com-

pared 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

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 cardio-

vascular 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 reso-

nance 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
ABPM is a powerful tool in evaluating the pharmacody-

namics of antihypertensive treatment [45]. Given the

extensive evidence for the increased prevalence of car-

diovascular events in the early morning hours, it is

important that the treatment controls blood pressure at

this time of day. To promote compliance, most antihy-

pertensive drugs are taken once daily, and usually in the

morning after the patient has got out of bed; it is, there-

fore, crucial that these drugs provide 24-h control of blood

pressure to cover the risky early morning period. Evi-

dence 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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By analysing the 24-h ambulatory blood pressure data-

base for telmisartan, White and Larocca [46] have

shown that, after 4–8 weeks of treatment with telmi-

sartan at a dose of 80 mg, the mean SBP and DBP were

reduced between 23.00 h and 06.00 h. When the patient

population was divided into tertiles, it was demon-

strated that the change in blood pressure was depen-

dent on the baseline nocturnal blood pressure. The

smallest reduction in nocturnal blood pressure was

observed in the tertile with lowest baseline nocturnal

DBP (75 mmHg), and greatest reduction occurred in

the tertile with the highest nocturnal DBP (94 mmHg)

(Fig. 4). Similar observations were recorded in patients

treated with telmisartan 40 mg (WB White, personal

communication).

The recently published randomized, double-blind trial,

MICArdis missed DOse study (MICADO) identified the

important differences in the antihypertensive efficacies

of telmisartan and valsartan at the end of the once-daily

dosing interval [47]. The purpose of the study was to

determine whether telmisartan, which has a half-life of

about 24-h [48], is able to provide superior blood pressure

control at the end of the dosing interval compared with

valsartan, which has a shorter half-life of about 7–9 h [49].

After a placebo run-in and randomization, both telmisar-

tan and valsartan were given once daily at the lower doses

of 40 mg and 80 mg, respectively, for 2 weeks before

forced titration to 80 mg and 160 mg, respectively.

MICADO demonstrated that, compared with valsartan,

telmisartan provided significantly superior reductions in

mean SBP (P ¼ 0.02) and DBP (P ¼ 0.01) 18–24 h after

dosing. These observations suggest that the recom-

mended once-daily dosing of valsartan when treating

hypertension may provide insufficient cardiovascular pro-

tection; indeed, in the Valsartan in Heart Failure Trial

(Val-HeFT), for example, trial valsartan was adminis-

tered twice daily [50].

Conclusions
Enhanced prediction of cardiovascular risk is provided by

24-h ABPM. In day-to-day clinical practice, the techni-

que 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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