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The advantages of ambulatory blood pressure monitoring are
many. First and foremost, the technique simply gives more measurements than conventional blood
pressure measurement, and real
blood pressure is reflected more
accurately by repeated measurements. Ambulatory blood pressure
monitoring provides a profile of
blood pressure away from the medical environment, thereby allowing
identification of individuals with
a white-coat response or masked
hypertension, who are in need of
careful management.”
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n this review, I discuss the important information that ambulatory blood
pressure monitoring can provide in clinical practice and make the case
once again for making this technique available to all doctors engaged in
managing patients with hypertension. I review the evidence on how nocturnal
variation in blood pressure (BP) can influence outcome, consider interesting
preliminary evidence that some drug classes may be superior to others in
modifying nocturnal BP, and suggest that the time of administration of medication may also have an influence on the correction of abnormal nocturnal patterns. There is a need to direct research to determine if correcting abnormal
nocturnal patterns either with drugs specifically targeted at nocturnal BP or
by manipulating the time of drug administration will improve outcome.
Medicographia. 2010;32:241-249 (see French abstract on page 249)

he technique for measuring blood pressure (BP) was introduced into clinical
medicine in 1896 and has survived largely unchanged for over a century, despite being inherently inaccurate.1 Why, we might ask, have we connived for
so long in perpetuating an inaccurate measurement in both clinical practice and
hypertension research? The identification of white-coat and masked hypertension
and the realization that many patients are being treated needlessly with BP-lowering drugs, whereas others are being denied drugs that could prevent cardiovascular (CV) sequelae, are the latest factors in the growing case against the traditional technique of BP measurement.
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These concerns have resulted in considerable research into techniques for assessing BP away from the medical environment, foremost among which has been ambulatory blood pressure monitoring (ABPM). Indeed, this technique is now accepted as being indispensable to good clinical practice.1,2 There are guidelines and
recommendations laying down the criteria for validation of devices for ABPM and
the website www.dableducational.org provides up-to-date information on recommended devices.3-5 The advantages of ABPM are many. First and foremost, the
technique simply gives more measurements than conventional BP measurement,
and real BP is reflected more accurately by repeated measurements. ABPM provides a profile of BP away from the medical environment, thereby allowing identification of individuals with a white-coat response or masked hypertension, who are
in need of careful management. ABPM shows BP behavior over a 24-h period rather
than giving a snapshot of BP measured with an inaccurate technique under artifi-
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rameters of ABPM,6-9 but ongoing research indicates that
there is much more information to be gleaned from the 24-h
BP cycle. First, the 24-h period can be divided into a number
of windows (Figures 1 and 2).
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Figure 1. Schema of ambulatory blood pressure.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).
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Figure 2. ABPM suggests optimal 24-hour blood pressure (128
mm Hg/78 mm Hg daytime, 110 mm Hg/62 mm Hg nighttime).
Normal dipping pattern.
Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).

cial circumstances. Rather than relying on one or a few conventional measurements confined to a short period of the diurnal cycle, the efficacy of antihypertensive medication over
a 24-h period becomes apparent.
ABPM can identify patients with abnormal patterns of nocturnal BP; the technique can demonstrate a number of patterns of BP behavior that may be relevant to clinical practice.
Finally and importantly, evidence is now available from longitudinal studies that ABPM is a much stronger predictor of
CV morbidity and mortality than conventional measurement.
Moreover, evidence is growing that nocturnal BP measured by
ABPM may be the most sensitive predictor of CV outcome,
from which it follows that the measurement of nighttime BP
should be an important part of clinical practice.3

Windows of the 24-hour circadian profile
In contemporary clinical practice, mean daytime and nighttime BPs are generally taken as being the most valuable pa-

242

:

ASSESSMENT

Matinal window

THE

RECONSIDERING

Vesperal window

IMPROVING

MEDICOGRAPHIA, Vol 32, No. 3, 2010

N White-coat window

The white-coat window is the period that extends from the
beginning of ABPM recording and lasts for 1 hour.7,9 During
the white-coat window, BP may be influenced by the medical
environment. The most popular definition of white-coat hypertension is that BP measured by conventional techniques in
the office, clinic, or surgery exceeds 140 mm Hg systolic or
90 mm Hg diastolic, but when ABPM is performed the average BP is <135 mm Hg systolic and 85 mm Hg diastolic during the daytime period.10 It has been shown that the whitecoat window on ABPM recordings cannot only diagnose the
white-coat phenomenon, but also allows identification of a
white-coat hypertensive subgroup with significantly higher
pressures who may be at greater risk and in need of antihypertensive medication.11 ABPM remains the method of choice
for diagnosing white-coat hypertension.2,11,12
N Daytime window
The daytime window follows the white-coat window and is the
period when the subject is away from the medical environment and engaged in usual activities.11 For almost all subjects with hypertension, BPs during this window are lower
than conventionally recorded pressures in the office, clinic, or
surgery setting.12,13 However, BPs during this period are subject to stress, activity, arm movement, and the effect of exercise and other activities, such as driving, all of which may have
an influence on the mean level of BP recorded.14 These effects
are largely absent from BP measured during the nocturnal
period.6,15
N Vesperal window

In the normal individual, there is a decline in BP in the vesperal window from daytime levels of BP that reaches a plateau
during the nighttime period. This period (9.01 PM to 0.59 AM
on the basis of ABPM commencing at 9 AM) is not included
in the estimation of day and night mean pressures because
this period represents a time during which bed rest is inconsistent and, therefore, cannot be categorized reliably.16 In hypertensive patients (or some normotensive patients with CV
SELECTED
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N Basal window
The nighttime window follows the vesperal window and is
the period between 1.00 AM and 6.00 AM.11 BPs in this window are most likely to coincide with sleep (or if not with actual sleep, with the greatest cessation of activity) and are likely,
therefore, to represent a steady state. There is compelling evidence that basal BP is superior to casual pressure in predicting outcome.6,15,19,22 Nighttime BP is superior to all other BP
measurements in predicting CV outcome and mortality, which
suggests that nighttime BP obtained by ABPM is similar to
basal BP. Moreover, it has also been shown that the use of a
mild sedative during ABPM may help in identifying patients
with a very high CV risk, namely those patients who continue
to manifest a blunted nocturnal dip despite sedation.23
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used to gauge the severity of BP—the higher the initial 24-h
ABPM, the more frequent the occurrence of cardiovascular
events.29
N White-coat hypertension
The risk associated with white-coat hypertension remains controversial, but there is general agreement that the condition
should not be regarded as benign, with the risk of developing
sustained hypertension at some time being almost inevitable
(Figure 3).30-32
240
210

SBP and DBP (mm Hg)

disease), the decline in BP during the vesperal window may
be absent (nondipping) so that BPs do not reach basal levels.15,17-19 BP may even rise in the vesperal window to reach
levels that are higher than daytime levels (reverse dipping).20
Alternatively, there may be a marked fall in BP during the vesperal window to give the phenomenon of extreme dipping.21
Therefore, what happens to BP in the vesperal window predicates the BP level in the basal window.
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Valuable though the information derived from the basal window may be, there are a number of methodological limitations
to recording BP at night.6,17,24 Ironically, despite doubts about
reproducibility of the night-to-day ratio, it may be that nighttime BP is more standardized and consequently more reproducible than daytime BP (sleep being a more stable state than
activity) and that it is this feature that gives nocturnal BP its
predictive value. In clinical practice when the sleep and awakening periods are clearly defined, nocturnal changes in BP
are surprisingly reproducible.25,26
N Matinal window
The matinal window extends from the end of the basal window to the commencement of daytime activities following rising. This period (6.01 AM to 8.59 AM) is not included in the estimation of day and night mean pressures because this period
represents a time during which bed rest is inconsistent and,
therefore, cannot be categorized reliably.16 However, the magnitude of the rise in BP in the matinal window may yield the
most valuable prognostic information. In normal subjects, a
modest rise in BP occurs in the matinal window preceding
awakening from sleep to merely restore the previous daytime
level of BP.27 However, this preawakening rise in BP in hypertensive patients may exceed the daytime average—the preawakening or morning surge—and this phenomenon is associated with a poor CV outcome.21

Patterns of ABPM
Within the windows of the 24-h BP profile, several variations
of BP behavior may be discerned, allowing differentiation of
patients into subforms and patterns.2,3,5,28 ABPM may also be

ABPM control as a therapeutic goal for improving CV prognosis – O’Brien

Figure 3. ABPM suggests white-coat hypertension (175 mm Hg/
95 mm Hg) with otherwise normal 24-hour systolic blood pressure
(133 mm Hg daytime, 119 mm Hg nighttime) and optimal 24-hour
diastolic blood pressure (71 mm Hg daytime, 59 mm Hg nighttime). Normal dipping pattern.
Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).

N White-coat effect
White-coat hypertension must be distinguished from the
“white-coat effect,” which is the term used to describe the
increase in pressure that occurs in the medical environment
regardless of daytime ABPM. In other words, the term indicates the phenomenon found in most hypertensive patients
whereby clinic BP is usually greater than the average daytime
ABPM, which is nonetheless increased above normal (Figure 4, page 244).5
N Masked hypertension
This phenomenon denotes subjects classified as normotensive by conventional office or clinic measurement that are hypertensive with ABPM or self-measurement. The prevalence
of masked hypertension in adults seems to be at least 10%
and may indeed be higher, with a tendency to decrease with
age. Adult subjects with masked hypertension have increased
target organ involvement and increased CV morbidity. The
logical extension of this line of reasoning is that future studies
will also show CV mortality to be increased. The problem for
clinical practice is how to identify and manage these patients
who, it is estimated, may number as many as ten million people in the USA.5,32
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Figure 4. ABPM suggests mild daytime systolic hypertension
(150 mm Hg), borderline daytime diastolic hypertension (87 mm Hg),
borderline nighttime systolic hypertension (123 mm Hg), and normal nighttime diastolic blood pressure (68 mm Hg) with a whitecoat effect (187 mm Hg/104 mm Hg). Normal dipping pattern.

Figure 5. ABPM suggests low daytime systolic and diastolic
blood pressure (100 mm Hg/59 mm Hg) and moderate nighttime
systolic and diastolic hypertension (146 mm Hg/89 mm Hg) with
a white-coat effect (181 mm Hg/102 mm Hg). Reverse dipping
pattern.

Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).

Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).

N Ambulatory hypotension

Hypotension is particularly common in the elderly, who may
have autonomic or baroreceptor failure and who may also
experience postprandial and postural hypotension. ABPM
may also be useful in identifying hypotensive episodes in
young patients in whom hypotension is suspected of causing
symptoms.2,32 In treated hypertensive patients, ABPM may
also demonstrate drug-induced decreases in BP that may
have untoward effects in patients with compromised arterial
circulation, such as individuals with coronary and cerebrovascular disease (Figure 5).33
N Daytime systo-diastolic hypertension
Many patterns of BP behavior can be discerned from ABPM.
By far the most common pattern is systo-diastolic hypertension.28 Generally, mean daytime levels of BP are superior to clinic BPs in predicting outcome, but inferior to nocturnal BP.15,34

prevalence of the condition in one study was 3.6%.28 It is generally accepted that if SBP is normal, high diastolic blood pressure (DBP) is not associated with an adverse prognosis.37
N Dipping and nondipping
The “dipper/nondipper” classification was first introduced in
1988 when a retrospective analysis suggested that nondipping hypertensive patients had a higher risk of stroke than the
majority of patients with a dipping pattern.18 It is generally accepted that a diminished nocturnal BP fall is associated with
a poor prognosis.2,16 For example, blunted nighttime dipping
of BP is independently associated with angiographic coronary
artery stenosis in men.38 In elderly people with long-standing
hypertension, a blunted nocturnal dip in BP is independently
240

N Isolated systolic hypertension

Isolated systolic hypertension can be apparent on clinic BP
measurement, but it can be overestimated. ABPM allows for
confirmation of the diagnosis as well as predicting outcome
more accurately. The results of the ABPM substudy of the Systolic Hypertension in Europe Trial showed that systolic blood
pressure (SBP) measured conventionally in the elderly may average 20 mm Hg more than daytime ABPM, thereby leading to the inevitable overestimation of isolated systolic hypertension in the elderly and probable excessive treatment of the
condition.35 In women with CV disease, SBP is most strongly related to the risk of secondary CV events (Figure 6).36
N Isolated diastolic hypertension
Isolated diastolic hypertension, which can be present on clinic measurement, can be more readily studied with ABPM. The

244

MEDICOGRAPHIA, Vol 32, No. 3, 2010

SBP and DBP (mm Hg)

210
180
150
120
90
60
30

09h

12h

15h

18h

21h

00h

03h

06h

09h

Time

Figure 6. ABPM suggests severe daytime isolated systolic hypertension (176 mm Hg/68 mm Hg), severe nighttime systolic hypertension (169 mm Hg), and borderline nighttime masked diastolic
hypertension (70 mm Hg). Nondipping pattern.
Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).
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associated with lower cognitive performance.39 Among elderly patients with recently diagnosed isolated systolic hypertension, those with a nondipping nocturnal pattern have been
shown to have significantly higher left ventricular masses on
echocardiography than dippers.40 A nondipping nocturnal pattern is also associated with renal and cardiac target organ involvement.41 Moreover, nocturnal BP is now known to be an
independent risk factor for CV outcome over and above all
other measures of BP.15,42 For example, in the Dublin Outcome
Study for each 10-mm Hg increase in mean nighttime SBP,
the mortality risk increased by 21% (Figures 6 and 7).15
N Reverse dipping

In some patients, BP rises above daytime pressures rather
than falling during the night. These patients (also referred to
as risers, or extreme nondippers) have the worst CV prognosis, both for stroke and cardiac events (Figure 5).20
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acute CV events and the early morning BP surge.49,50 The occurrence of stroke and heart attack is more common during
this period than at any other time of the day.50 In older hypertensive subjects, a morning surge in BP—defined as a rise in
BP >55 mm Hg from the lowest nighttime reading—carries
a risk of stroke almost three times greater than that seen in
patients without a morning surge.51 Greater carotid intima-media thickness and circulating inflammatory markers coexist in
hypertensive patients with a morning BP surge and might contribute to the increased CV risk in these patients (Figure 8).52
N Indices of risk in the circadian profile
ABPM can also provide interesting and informative indices that
are associated with outcome. The subject has been reviewed
240

Patients with a marked nocturnal fall in BP, known as extreme
dippers, are at risk for nonfatal ischemic stroke and silent myocardial ischemia. This is particularly likely in extreme dippers
who already have atherosclerotic disease and in whom excessive BP reduction is induced by injudicious antihypertensive medication.20 This possibility was originally enunciated by
Floras as long ago as 1988.43 Extreme dipping is closely associated with an excessive morning surge in BP, which is
associated with cerebral infarction and a high risk of future
stroke (Figure 8).20
N Siesta dipping
A siesta dip in BP on ABPM is common in societies in which
an afternoon siesta is an established practice, but in many
elderly patients regardless of cultural practice a siesta is often
part of the daily routine. There is evidence that ignoring the
dipping pattern associated with a siesta distorts the day/night
ratio of ABPM,44,45 and the magnitude of the siesta dip may
have prognostic implications (Figure 8).46
N Nocturnal hypertension

Although daytime ambulatory hypertension is a good predictor of outcome, a number of studies have shown that
ambulatory nocturnal hypertension is associated with a
worse CV outcome.15,42,47 Further confirmation of the importance of nocturnal hypertension comes from a recent study
showing that a nondipping pattern and increased nighttime
DBP predicted the occurrence of congestive heart failure independently of antihypertensive treatment and established
risk factors for cardiac failure (Figures 4 to 8).48
N The morning surge

CV events, such as myocardial infarction, ischemia, and stroke,
are more frequent in the morning hours soon after waking than
at other times of day.49 Circadian variations in biochemical
and physiological parameters help to explain the link between
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Figure 7. ABPM suggests severe 24-hour systolic and diastolic
hypertension (209 mm Hg/135 mm Hg daytime, 205 mm Hg/130
mm Hg nighttime). Nondipping pattern.
Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).
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Figure 8. ABPM suggests mild daytime systolic and diastolic hypertension (152 mm Hg/94 mm Hg), optimal nighttime systolic blood
pressure (111 mm Hg), and normal nighttime diastolic blood pressure (66 mm Hg) with a white-coat effect (158 mm Hg/90 mm Hg).
Measurements taken during the siesta are not included in these averages. Extreme dipping pattern.
Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
Plot generated by dabl ABPM. © 2010, dabl Ltd (www.dabl.ie).
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recently.9 These include pulse and mean BP, heart rate, indices
of BP variability, chronobiological calculations, Cusum derived
statistics, and most recently the ambulatory arterial stiffness
index (AASI), which has been shown to predict CV mortality
in a large cohort of hypertensive individuals (particularly from
stroke). This association was evident even in normotensive
subjects. As a result, AASI may prove to be a readily applicable index that can be derived from routine ABPM to predict
outcome. The practical importance of such an index is that it
may permit early categorization of hypertensive patients at
risk from CV events thus indicating those in need of aggressive BP lowering.53

Treatment of hypertension using ABPM
The Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT)
showed significantly lower rates of all-cause mortality (11%
lower), CV mortality (24% lower), and stroke (23% lower) with
an amlodipine/perindopril combination compared with an atenolol-thiazide combination, even in hypertensive patients without coronary heart disease.54 The intertreatment difference in
event rates was only partly explained by better lowering of
clinic BP with amlodipine/perindopril.55-57 In fact, it now seems
possible that the explanation for this discrepancy may be because the amlodipine/perindopril combination reduced both
mean BP and BP variability.
An ambulatory substudy of ASCOT was performed in 1900
patients from four ASCOT centers who had repeated ABPMs
over 5.5 years in order to examine the impact of the two BPlowering treatment regimens on ambulatory BP. Clinical BP
was examined every 6 months. ABPM was performed once
a year from recruitment. ABPM was measured every half an
hour throughout a 24-h period—mean daytime BP [9.00 AM
to 9.00 PM], nighttime BP [1.00 AM to 6.00 AM], 24-h SBP,
24-h DBP, pulse pressures, and heart rates were calculated
from each ABPM. Three post hoc–defined composite end
points were analyzed: total CV events + revascularization procedures; total coronary events (fatal coronary heart disease
and nonfatal myocardial infarction) + coronary revascularization procedures; and fatal + nonfatal stroke.
Like all the total ASCOT blood pressure–lowering arm population, patients from the ABPM substudy were treated with
amlodipine/perindopril. Clinical BP values were 1.4/1.1 mm Hg
lower. No difference in SBP was found between treatment
groups during the 24-h period, but nighttime systolic BP was
significantly lower (2.2 mm Hg) with amlodipine/perindopril
treatment. This difference might be explained by the synergistic effect of amlodipine and perindopril (with trough-to-peak
ratios of 85%-87% and 75%-100%, respectively) on 24 hour
BP control.58,59
The ABPM substudy showed that the amlodipine/perindopril
and atenolol/thiazide regimens had different effects on daytime and nighttime BP, which may have contributed to the
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lower rate of events in patients treated with amlodipine/perindopril (Figure 9).60 Nocturnal ABPM values complemented
clinical BP values for the prediction of CV risk in hypertensive
patients receiving treatment. These data reinforce the concept that BP-lowering treatment should be directed towards
the reduction of nocturnal BP.
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Figure 9. Nighttime systolic blood pressure difference between
patients randomized to receive atenolol/thiazide (blue line) or amlodipine/perindopril therapy (red line).
Mean BPs, mean intertreatment BP difference (95% confidence interval), and
P value are shown. Time indicated is from randomization onward.
Abbreviations: BP, blood pressure.
Modified from reference 60: Dolan et al; on behalf of the ASCOT Investigators.
J Hypertens. 2009,27:876-885. © 2009, Wolters Kluwer Health/Lippincott
Williams & Wilkins.

Can drugs be targeted to reduce BP in circadian
periods of greatest risk?
Traditionally, BP-lowering drugs with a once-daily regimen of
administration are taken in the morning. The hypertension
guidelines require that antihypertensive medication with oncedaily administration should possess at least a 50% troughto-peak (T/P) ratio to ensure a 24-hour duration of action. It is
surprising how little attention has been paid to the possibility
of achieving a more beneficial effect on CV outcome by reducing nocturnal BP either by nighttime dosing or by designing
drugs aimed specifically to reduce nocturnal BP.8 The importance of 24-hour BP coverage, even if achieved by manipulating the timing of drug administration, has been well illustrated in the Heart Outcomes Prevention Evaluation study.61
In the main study, the group receiving ramipril had approximately 35% fewer CV events, despite an insignificant reduction in BP of 3/2 mm Hg; the outcome benefit was attributed
to angiotensin-converting enzyme (ACE) inhibition, which was
recommended in all high-risk patients regardless of baseline
BP. However, it became evident from a later analysis of the
ABPM substudy that ramipril (T/P ratio 50%-63%)58,59 was actually taken in the evening with outpatient BP measured some
10 to 14 hours later the following day.62 The reported insignif-
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icant change in BP in the main study gave no indication of a
“whopping” 17/8 mm Hg reduction in BP during the nighttime period, which translated into a 10/4 mm Hg average reduction in BP over the entire 24-hour period.63
Interestingly from a historical perspective, the first paper to
describe the effects of antihypertensive medication on 24-hour
BP was in 1982, when Floras and his colleagues demonstrated using direct intra-arterial BP measurement that atenolol
and slow-release propranolol lowered nighttime BP, whereas
metoprolol and pindolol did not.64 A few years later, we presented data showing a discrepancy between antihypertensive drug efficacy when measured by clinic and noninvasive
ambulatory daytime measurement methods. We concluded
that “noninvasive ambulatory blood pressure measurement
should be considered an essential part of the evaluation of
antihypertensive drugs.”65 Why, we might ask, have we had to
wait nearly a quarter of a century to explore the therapeutic
potential of nocturnal BP lowering and the differing effects of
drugs on ambulatory BP?
Efficacies of the various classes of antihypertensive drugs for
restoring normal dipping are not well studied. However, diuretics, ACE inhibitors, angiotensin II receptor blockers, and
calcium channel blockers appear to be superior to α- and
β-blockers.49,66,67 Individualized antihypertensive medication
targeting abnormal diurnal patterns may offer particularly good
protection in high-risk groups, such as patients with a rise in
nocturnal BP and in extreme dippers.68,69
As much of the morning surge may be mediated by involvement of the renin-angiotensin system, it would seem logical
to assess agents targeting angiotensin II.49,70,71 Another mechanism worthy of manipulation to enhance nocturnal pharmacological therapy is dietary potassium supplementation and
sodium restriction to restore normal dipping.66 The consistent lowering of nocturnal BPs by the renin inhibitor aliskiren
in combination with a thiazide diuretic, an ACE inhibitor, or an
angiotensin receptor blocker is a potential therapeutic strategy for reducing nocturnal hypertension.72
The evidence to date clearly suggests that pharmacological
research should be directed towards designing drugs with
the primary purpose of modifying nocturnal manifestations
of hypertension. However, it should also be possible to modify
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nocturnal BP using the drugs or drug combinations presently
available with 24-hour BP coverage. Hermida and colleagues
examined the hypothesis that nondipping in hypertensive patients might be due, at least in part, to the absence of 24-hour
therapeutic coverage in patients treated with single morning
doses. They showed that in patients taking bedtime medication, ABPM control was double that of patients taking morning
medication. Moreover, in patients with true resistant hypertension, bedtime medication resulted in a significant reduction in
the 24-hour mean of SBP and DBP, and this reduction was
much more prominent at nighttime.73 Bedtime dosing with an
ACE inhibitor in patients with a nondipping pattern of hypertension improves efficacy during the nocturnal period.74
Antihypertensive medication directed at nighttime BP may
not necessarily alter nocturnal hypertension patterns for the
better. For example, a nondipping or dipping pattern could
be transformed into an extreme dipping pattern with injudicious therapy. The objective should be to reduce BP at the
same time as preserving the physiological circadian dipper
pattern. This is particularly important in stroke survivors, in
whom ABPM is mandatory because it determines the appropriate dose of antihypertensive drug and the optimum
time of administration to avoid inducing nondipper, riser,
and extreme dipper circadian profiles with treatment.75
Given the extensive evidence for the increased prevalence
of CV events in the early morning hours, antihypertensive
drugs that provide BP control during the early morning surge
should provide greater protection against target-organ damage and enhance patient prognosis. This period has been
dubbed the “blind spot” in current clinical practice.76 Pharmacological research into ways of altering the morning surge is
limited.77 However, reduction of the morning surge in BP may
be beneficial in preventing target-organ involvement in hypertension.78
From the evidence available there is a need in clinical practice to use antihypertensive therapies with proven 24-hour duration of action and with superior nighttime BP coverage, as
demonstrated in the ASCOT trial with an amlodipine/perindopril regimen. There is a need for pharmaceutical research
to develop drugs that correct nocturnal BP abnormalities and
for clinical research to determine if correcting nocturnal BP
abnormalities will result in improved outcome. I

References
1. O’Brien E. ABPM blood pressure measurement is indispensable to good clinical practice. J Hypertension. 2003;21:S11-S18.
2. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure monitoring.
N Engl J Med. 2006;354:2368-2374.
3. O’Brien E. Measurement of blood pressure. Part III. Ambulatory blood pressure measurement. In: Beevers DG, Lip GH, O’Brien E, eds. ABC of hypertension. 5th ed. Oxford, UK: BMJ/Blackwell; 2007:26-29.
4. O’Brien E, Pickering T, Asmar R, et al; on behalf of the Working Group on
Blood Pressure Monitoring of the European Society of Hypertension. International protocol for validation of blood pressure measuring devices in adults.

ABPM control as a therapeutic goal for improving CV prognosis – O’Brien

Blood Press Monit. 2002;7:3-17.
5. O’Brien E, Asmar R, Beilin L, et al; on behalf of the European Society of Hypertension Working Group on Blood Pressure Monitoring. European Society of
Hypertension recommendations for conventional, ambulatory and home blood
pressure measurement. J Hypertens. 2003;21:821-848.
6. O’Brien E. Sleepers v non-sleepers: a new twist in the dipper/non-dipper concept. Hypertension. 2007;49:769-770.
7. O’Brien E, Atkins N. Can improved software facilitate the wider use of ambulatory blood pressure measurement in clinical practice? Blood Press Monit. 2004;
9:237-241.

MEDICOGRAPHIA, Vol 32, No. 3, 2010

247

IMPROVING

THE

RECONSIDERING

MANAGEMENT
EFFICACY

OF

HYPERTENSION

8. O’Brien E. Ambulatory blood pressure measurement: a trove of hidden gems?
Hypertension. 2006;48;364-365.
9. O’Brien E. Assessment of circadian cardiovascular risk with ambulatory blood
pressure measurement. In: Mancia G, ed. Manual of Hypertension of the European Society of Hypertension. Abingdon, UK: Taylor and Francis; 2007.
10. Verdecchia P, O’Brien E, Pickering T, et al; on behalf of the European Society
of Hypertension Working Group on Blood Pressure Monitoring. When to suspect white coat hypertension? Statement from the working group on blood
pressure monitoring of the European Society of Hypertension. Am J Hypertens.
2003;16:87-91.
11. Owens P, Atkins N, O’Brien E .Diagnosis of white coat hypertension by ambulatory blood pressure monitoring. Hypertension. 1999;34:267-272.
12. Gerin W, Ogedegbe G, Schwartz JE, et al. Assessment of the white coat effect.
J Hypertens. 2006;24:67-74.
13. Mancia G, Facchetti R, Bombelli M, Grassi G, Sega R. Long-term risk of mortality associated with selective and combined elevation in office, home, and ambulatory blood pressure. Hypertension. 2006;47:846-853.
14. Calvo C, Hermida RC, Ayala DE, et al. The ‘ABPM effect’ gradually decreases but does not disappear in successive sessions of ambulatory monitoring.
J Hypertens. 2003;21:2265-2273.
15. Dolan E, Stanton A, Thijs L, et al. Superiority of ambulatory over clinic blood
pressure measurement in predicting mortality: the Dublin outcome study. Hypertension. 2005;46:156-161.
16. Staessen J, Bulpitt CJ, Fagard R, et al. Reference values for the ambulatory
blood pressure and the blood pressure measured at home: a population study.
J Hum Hypertens. 1991;5:355-361.
17. Stolarz K, Staessen JA, O’Brien E. Night-time blood pressure—dipping into the
future? J Hypertens. 2002;20:2131-2133.
18. O’Brien E, Sheridan J, O’Malley K. Dippers and non-dippers. Lancet. 1988;2:397.
19. Ohkubo T, Hozawa A, Yamaguchi J, et al. Prognostic significance of the nocturnal decline in blood pressure in individuals with and without high 24-h blood
pressure: the Ohasama Study. J Hypertens. 2002;20:2183-2189.
20. Kario K, Shimada K. Risers and extreme-dippers of nocturnal blood pressure
in hypertension: antihypertensive strategy for nocturnal blood pressure. Clin Exp
Hypertens. 2004;26:177-189.
21. Metoki H, Ohkubo T, Kikuya M, et al. Prognostic significance for stroke of a
morning pressor surge and a nocturnal blood pressure decline: the Ohasama
Study. Hypertension. 2006;47:149-154.
22. Smirk FH. Observations on the mortality of 270 treated and 199 untreated retinal grade I and II hypertensive patients followed in all instances for five years.
NZ Med J. 1964;63:413-443.
23. Rachmani R, Shenhav G, Slavachevsky I, Levy Z, Ravid M. Use of a mild sedative helps to identify true non-dippers by ABPM: a study in patients with diabetes mellitus and hypertension. Blood Press Monit. 2004;9:65-69.
24. Palatini P. Non-dipping in hypertension: still a challenging problem. J Hypertens.
2004;22:2269-2272.
25. Ben-Dov IZ, Ben-Arieh L, Mekler J, Bursztyn M. Blood pressure dipping is reproducible in clinical practice. Blood Press Monit. 2005;10:79-84.
26. Chaves H, Campello de Souza FM, Krieger EM. The reproducibility of dipping
status: beyond the cutoff points. Blood Press Monit. 2005;10:201-205.
27. O’Brien E, Murphy J, Tyndall A, et al. Twenty-four-hour ambulatory blood pressure in men and women aged 17 to 80 years: the Allied Irish Bank Study. J Hypertens. 1991;9:355-360.
28. Owens P, Lyons S, O’Brien E. Ambulatory blood pressure in the hypertensive
population: patterns and prevalence of hypertensive sub-forms. J Hypertens.
1998;16:1735-1743.
29. Bur A, Herkner H, Vlcek M, Woisetschläger C, Derhaschnig U, Hirschl MM.
Classification of blood pressure levels by ambulatory blood pressure in hypertension. Hypertension. 2002;40:817-822.
30. Mule G, Nardi E, Cottone S, et al. Relationships between ambulatory white
coat effect and left ventricular mass in arterial hypertension. Am J Hypertens.
2003;16:498-501.
31. Owens PE, Lyons S, Rodriguez S, O’Brien ET. Is elevation of clinic blood pressure in patients with white coat hypertension who have normal ambulatory blood
pressure associated with target organ damage? J Hum Hypertens. 1998;12:
743-748.
32. O’Brien E. Unmasking hypertension. Hypertension. 2005;45:481-482.
33. Björklund K, Lind L, Zethelius B, Berglund L, Lithell H. Prognostic significance
of 24-h ambulatory blood pressure characteristics for cardiovascular morbidity
in a population of elderly men. J Hypertens. 2004;22:1691-1697.
34. Khattar RS, Senior R, Lahiri A. Cardiovascular outcome in white-coat versus
sustained mild hypertension: a 10-year follow-up study. Circulation. 1998;98:
1892-1897.

248

:

ASSESSMENT

MEDICOGRAPHIA, Vol 32, No. 3, 2010

35. Staessen JA, Fagard R, Thijs L, et al. Randomised double-blind comparison of
placebo and active treatment for older patients with isolated systolic hypertension. Lancet. 1997;350:757-764.
36. Mason PJ, Manson JA, Sesso HD, et al. Blood pressure and risk of secondary cardiovascular events in women: the women’s antioxidant cardiovascular
study (WACS). Circulation. 2004;109:1623-1629.
37. Pickering TG. Isolated diastolic hypertension. J Clin Hypertens. 2003;5:411-413.
38. Mousa T, El-Sayed MA, Motawea AK, Salama MA, Elhendy A. Association of
blunted nighttime blood pressure dipping with coronary artery stenosis in men.
Am J Hypertens. 2004;17:977-980.
39. Bellelli G, Frisoni GB, Lucchi E, et al. Blunted reduction in night-time blood pressure is associated with cognitive deterioration in subjects with long-standing
hypertension. Blood Press Monit. 2004;9:71-76.
40. Cicconetti P, Morelli S, Ottaviani L, et al. Blunted nocturnal fall in blood pressure and left ventricular mass in elderly individuals with recently diagnosed isolated systolic hypertension. Am J Hypertens. 2003;16:900-905 .
41. Hoshide S, Kario K, Hoshide Y, et al. Associations between nondipping of nocturnal blood pressure decrease and cardiovascular target organ damage in strictly selected community-dwelling normotensives. Am J Hypertens. 2003;16:
434-438.
42. Kikuya M, Ohkubo T, Asayama K, et al. Ambulatory blood pressure and 10-year
risk of cardiovascular and noncardiovascular mortality. The Ohasama Study.
Hypertension. 2005;45:240-245.
43. Floras JS. Antihypertensive treatment, myocardial infarction, and nocturnal myocardial ischaemia. Lancet. 1988;2:994-996.
44. Bursztyn M, Mekler J, Wachtel N, Ben-Ishay D. Siesta and ambulatory blood
pressure monitoring. Comparability of the afternoon nap and night sleep. Am
J Hypertens. 1994;7:217-221.
45. Stergiou GS, Malakos JS, Zourbaki AS, Achimastos AD, Mountokalakis TD.
Blood pressure during siesta: effect on 24-h ambulatory blood pressure profiles analysis. J Hum Hypertens. 1997;11:125-131.
46. Gomes MAM, Pierin AMG, Mion D Jr. The effect of siesta in parameters of
cardiac structure and in interpretation of ambulatory arterial blood pressure
monitoring. Arq Bras Cardiol. 2000;74:314-318.
47. Staessen JA, Thijs L, Fagard R, et al. Predicting cardiovascular risk using conventional vs ambulatory blood pressure in older patients with systolic hypertension. Systolic Hypertension in Europe Trial Investigators. JAMA. 1999;282:
539-546.
48. Ingelsson E, Björklund-Bodegård K, Lind L, Arnlöv J, Sundström J. Diurnal
blood pressure pattern and risk of congestive heart failure. JAMA. 2006;295:
2859-2866.
49. Giles T. Relevance of blood pressure variation in the circadian onset of cardiovascular events. J Hypertens. 2005;23(suppl 1):S35-S39.
50. Giles TD. Circadian rhythm of blood pressure and the relation to cardiovascular events. J Hypertens. 2006;24(suppl 2):S11-S16.
51. Kario K, Pickering TG, Umeda Y, et al. Morning surge in blood pressure as a
predictor of silent and clinical cerebrovascular disease in elderly hypertensives:
a prospective study. Circulation. 2003;107:1401-1406.
52. Marfella R, Siniscalchi M, Nappo F, et al. Regression of carotid atherosclerosis
by control of morning blood pressure peak in newly diagnosed hypertensive
patients. Am J Hypertens. 2005;18:308-318.
53. Dolan E, Thijs L, Li Y, et al. Ambulatory arterial stiffness index as a predictor of
cardiovascular mortality in the Dublin Outcome Study. Hypertension. 2006;47:
365-370.
54. Dahlöf B, Sever PS, Poulter NR, et al; for the ASCOT Investigators. Prevention
of cardiovascular events with an antihypertensive regimen of amlodipine adding
perindopril as required versus atenolol adding bendroflumethiazide as required,
in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering
Arm (ASCOT-BPLA): a multicentre randomized controlled trial. Lancet. 2005;
366:895-906.
55. Poulter NR, Wedel H, Dahlöf B, et al; for the ASCOT Investigators. Role of blood
pressure and other variables in the differential cardiovascular event rates noted
in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering
Arm (ASCOT-BPLA). Lancet. 2005;366:907-913.
56. Rothwell PM, Howard SC, Dolan E, et al. Prognostic significance of visit-tovisit variability, maximum systolic blood pressure, and episodic hypertension.
Lancet. 2010;375:895-905.
57. Rothwell PM, Howard SC, Dolan E, et al; on behalf of the ASCOT-BPLA and
MRC Trial Investigators. Effects of β-blockers and calcium-channel blockers on
within-individual variability in blood pressure and risk of stroke. Lancet Neurology. 2010, March 12. Epub ahead of print.
58. Hurst M, Jarvis B. Perindopril: an updated review of its use in hypertension.
Drugs. 2001;61:867-896.

ABPM control as a therapeutic goal for improving CV prognosis – O’Brien

IMPROVING

THE

MANAGEMENT

RECONSIDERING

59. Hernandez RH, Armas-Hernandez MJ, Chourio JA, et al. Comparative effects
of amlodipine and nifedipine GITS during treatment and after missing two doses.
Blood Press Monit. 2001;6:47-57.
60. Dolan E, Stanton A, Caulfield M, et al; on behalf of the ASCOT Investigators. Ambulatory blood pressure monitoring predicts cardiovascular events in treated
hypertensive patients—an Anglo-Scandinavian Cardiac Outcomes Trial substudy. J Hypertens. 2009,27:876-885.
61. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in highrisk patients: the Heart Outcomes Prevention Evaluation Study Investigators.
N Engl J Med. 2000;342:145-153.
62. Svensson P, de Faire U, Sleight P, Yusuf S, Östergren J. Comparative effects of
ramipril on ambulatory and office blood pressures: a HOPE substudy. Hypertension. 2001;38:e28-e32.
63. Moutsatsos GD. More hype than HOPE. Hypertension. 2003;41:e4.
64. Floras JS, Jones JV, Hassan MO, Sleight P. Ambulatory blood pressure during once-daily randomized double-blind administration of atenolol, metoprolol,
pindolol, and slow-release propranolol. BMJ. 1982;285:1387-1392.
65. Brennan M, O’Malley K, O’Brien E. The contribution of non-invasive ambulatory blood pressure measurement in antihypertensive drug evaluation. In: Dal
Palu C, Pessina AC, eds. Proceedings of the Fifth International Symposium of
Ambulatory Monitoring. Padua, Italy: Cleup; 1986:255-263.
66. Sachdeva A, Weder AB. Nocturnal sodium excretion, blood pressure dipping,
and sodium sensitivity. Hypertension. 2006;48:527-533.
67. Ben-Dov IZ, Ben-Arie L, Mekler J, Bursztyn M. How should patients treated with
alpha-blockers be followed? Insights from an ambulatory blood pressure monitoring database. J Hypertens. 2006,24:861-865.
68. Kario K, Shimada K. Risers and extreme-dippers of nocturnal blood pressure
in hypertension: antihypertensive strategy for nocturnal blood pressure. Clin Exp
Hypertens. 2004;26:177-89.

OF

HYPERTENSION

EFFICACY

:

ASSESSMENT

69. Hoshide Y, Kario K, Schwartz JE, Hoshide S, Pickering TG, Shimada K. Incomplete benefit of antihypertensive therapy on stroke reduction in older hypertensives with abnormal nocturnal blood pressure dipping (extreme-dippers and
reverse-dippers). Am J Hypertens. 2002;15:844-850.
70. White WB, Larocca GM. Improving the utility of the nocturnal hypertension definition by using absolute sleep blood pressure rather than the “dipping” proportion. Am J Cardiol. 2003;92:1439-1441.
71. White WB, Lacourciere Y, Davidai G. Effects of the angiotensin II receptor blockers telmisartan versus valsartan on the circadian variation of blood pressure: impact on the early morning period. Am J Hypertens. 2004;17:347-353.
72. O’Brien E, Barton J, Nussberger J, et al. Aliskiren provides antihypertensive efficacy and suppression of plasma renin activity in combination with a thiazide
diuretic, an angiotensin converting enzyme inhibitor, or an angiotensin receptor blocker. Hypertension. 2007;49:276-284.
73. Hermida RC, Ayala DE, Calvo C, et al. Effects of time of day of treatment on ambulatory blood pressure pattern of patients with resistant hypertension. Hypertension. 2005;46(part 2):1-7.
74. Hermida RC, Calvo C, Ayala DE, et al. Treatment of non-dipper hypertension
with bedtime administration of valsartan. J Hypertens. 2005;23:1913-1922.
75. Sierra C, Coca A. Nocturnal fall of blood pressure with antihypertensive therapy and recurrence of ischaemic stroke: ‘the lower the better’ revisited. J Hypertens. 2005,23:1131-1132.
76. Kario K. Time for focus on morning hypertension: pitfall of current antihypertensive medication. Am J Hypertens. 2005;18:149-151.
77. Eguchi K, Kario K, Shimada K. Comparison of candesartan with lisinopril on
ambulatory blood pressure and morning surge in patients with systemic hypertension. Am J Cardiol. 2003;92:621-624.
78. Marfella R, Siniscalchi M, Nappo F, et al. Regression of carotid atherosclerosis
by control of morning blood pressure peak in newly diagnosed hypertensive patients. Am J Hypertens. 2005;18:308-318.

Keywords: ambulatory blood pressure monitoring; blood pressure control; cardiovascular outcome; nocturnal blood
pressure

MESURE AMBULATOIRE DE LA PRESSION ARTÉRIELLE : LE CONTRÔLE DE LA PRESSION ARTÉRIELLE
SUR 24 H , UN OBJECTIF THÉRAPEUTIQUE POUR AMÉLIORER LE PRONOSTIC CARDIO -VASCULAIRE
Cet article analyse les informations importantes délivrées en pratique clinique par la mesure ambulatoire de la pression artérielle, et défend une fois de plus l’intérêt de mettre cette technique à disposition de tous les médecins
impliqués dans la prise en charge des hypertendus. L’article fait également le point sur la façon dont les variations
nocturnes de la pression artérielle (PA) influent sur l’évolution de la maladie ; il examine d’intéressants arguments
préliminaires suggérant la supériorité de certaines classes thérapeutiques sur d’autres quant à l’action sur la PA nocturne ; et enfin conclut en avançant l’hypothèse que l’horaire de la prise médicamenteuse pourrait avoir une influence
sur la correction des schémas tensionnels nocturnes anormaux. Ce dernier point nécessite plus ample étude afin de
déterminer si cette correction serait plus efficace en termes d’amélioration du pronostic en utilisant des médicaments
spécifiquement orientés vers la PA nocturne ou en modifiant l’horaire de la prise.
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