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Abstract Ambulatory blood pressure (BP) monitoring is
increasingly used in the evaluation of hypertensive patients.
The ability to monitor BP throughout the day and night
allows the detection of abnormal nocturnal BP patterns, the
most common being a “nondipping” pattern, which is
associated with increased cardiovascular risk; its correction
appears to have a positive impact on cardiovascular outcome.
Antihypertensive treatment should be individually adjusted
to control BP during both daytime and nighttime. However,
drug-induced lowering of nocturnal BP, if excessive, could
amplify the morning BP surge in patients with daytime BP
elevation, increasing the risk of developing a cardiovascular
event. Ambulatory BP monitoring therefore represents a
unique tool to establish the most appropriate antihyperten-
sive drug regimen for the individual patient.
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Introduction

The superiority of noninvasive ambulatory blood pressure
monitoring (ABPM) over clinic blood pressure (BP) in
predicting cardiovascular morbidity and mortality has been
demonstrated repeatedly in the general population [1, 2] as
well as in patients with hypertension, both treated [3—5] and
untreated [4, 6, 7].

A main advantage of ABPM is that it can provide
multiple BP measurements taken away from the medical
environment, thereby allowing the identification of normo-
tensive individuals (with normal clinic BP and normal
mean 24-hour or daytime ABPM), patients with true
hypertension (high clinic BP and high mean 24-hour or
daytime ABPM), patients with white-coat hypertension
(high clinic BP but normal mean 24-hour or daytime
ABPM), and patients with masked hypertension (normal
clinic BP but high mean 24-hour or daytime ABPM). These
different patterns of clinic BP and ABPM behaviors are
associated with clinically relevant differences in cardiovas-
cular outcome, which explains why ABPM is becoming
more and more indispensable to good clinical practice [8,
9]. Overall, the severity of target organ damage and the
incidence of cardiovascular events is greater in patients
with masked hypertension than in those with white-coat
hypertension [10].

ABPM has major advantages over conventional BP
measurement. One is that it gives a view of the BP profile
over a 24-hour period rather than an isolated BP value at a
single time. This is an important advantage because BP is
subject to diurnal BP phenomena (mainly nighttime
dipping) as well as shorter-term BP changes related to
physical and mental activities. Notably, there is strong
evidence that cardiovascular prognosis is worsened in the
presence of enhanced short-term BP variability [1, 11, 12].
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Another key issue is the day-night BP pattern. Nighttime
BP is known to better reflect cardiovascular risk than
daytime BP, and a blunted nocturnal BP decrease has been
shown to confer an increased risk of cardiovascular events
[13—15]. There are therefore good reasons to wonder
whether BP-lowering drugs can correct abnormal nocturnal
BP patterns and thus may have a positive impact on
cardiovascular outcome. This paper reviews the evidence
suggesting that BP control should target not only daytime
BP, but also nighttime BP.

Determination and Clinical Significance of Nighttime
Blood Pressure

Nighttime BP is generally regarded as reflecting basal BP. It
is defined as the average of BP readings recorded during
the period most likely coinciding with sleep. One common
method is to ask the patient the time of retiring and rising.
Another way is to analyze the BP profiles according to a
fixed time schedule, with the daytime period extending
from 9 AM to 21 pM, for example, and nocturnal period that
starts at 1 AM and ends at 6 AM [16].

The classification of a patient as a “dipper” or a “non-
dipper” markedly depends on how reliably daytime BP and
nighttime BP are measured [17]. In particular, dipping or
nondipping status is greatly influenced by awake activities,
the quality of sleep, and the position of the arm relative to
the heart during both daytime and nighttime [18-20]. These
interfering factors probably account for the rather poor
reproducibility of the nocturnal BP decline [21-24]. The
reproducibility of nocturnal BP changes may be improved
using strict criteria to define the daytime and nighttime
periods [25, 26].

A popular way to stratify patients according to their
dipping status is based on the calculation of percentage
changes in BP between daytime and nighttime. According
to arbitrary criteria, “normal dippers” lower their BP by
10%—-20% during sleep, “nondippers” by less than 10%,
and “extreme dippers” by more than 20% [6, 27, 28]. An
alternative to this dipper/nondipper classification is to
assess whether nighttime BP is normal or elevated in a
given patient. ABPM has been used to evaluate the
nocturnal status of hypertensive patients by these two
methods [29]. Figure 1 shows the percentage of dippers
(defined as patients who demonstrated a decrease of 10% or
more in nighttime systolic and diastolic BP relative to
corresponding daytime BP) and the percentage of patients
with nocturnal normotension (defined as a nighttime
systolic BP of 125 mm Hg or less and nighttime diastolic
BP of 80 mm Hg or less). A larger fraction of patients were
considered normal based on their dipping status rather than
on the actual level of nocturnal BP. It is unfortunately still
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Fig. 1 Percentage of patients (n=129) considered as “dippers”
(nighttime blood pressure [BP] lower than daytime BP by >10%) or
nocturnal normotensives (nighttime BP<125/80 mm Hg) during
ambulatory BP monitoring. (Data from White and Larocca [29])

unclear which of the two approaches is the best to evaluate
cardiovascular risk. It may be more appropriate to charac-
terize patients using nocturnal normotensive/hypertensive
status rather than the dipper/nondipper classification when
evaluating the effects of antihypertensive therapy in an
individual. Attempting to achieve a target BP does seem
more meaningful than trying only to correct an abnormal
nighttime BP pattern. According to the Practice Guidelines
of the European Society of Hypertension, awake BP should
be less than 135/85 mm Hg and asleep BP should be less
than 120/70 mm Hg [16]. BP readings should be obtained
at intervals of 20-30 min, both during the day and at night.

Conditions Associated With a Nondipping Profile

Daytime inactivity and poor sleep may contribute to the
nondipping phenomenon, but there are also nondippers
among patients with good subjective sleep quality [30]. The
nondipping pattern may be encountered in a number of
clinical conditions, as reviewed recently and summarized in
Table 1 [31].The pathophysiologic mechanisms are complex;
they may involve an insufficient decrease in cardiac output,
abnormal autonomic function, or excessive renal fluid
retention during sleep. Notably, patients with salt-sensitive
forms of hypertension are likely to be nondippers, as
illustrated by patients with essential hypertension in whom
the normal nighttime BP rhythm could be restored by
sodium restriction [32, 33].

A large survey performed recently by the Spanish
Society of Hypertension is particularly interesting in this
context, as it gives information on circadian blood pressure
patterns in everyday practice [34¢]. In this study, 24-hour
ABPM was performed in 42,947 hypertensive patients
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Table 1 Clinical conditions associated with the “nondipping” blood
pressure pattern

Endocrine conditions
Aldosteronism
Hyercortisolism
Pheochromocytoma
Acromegaly
Hyperthyroidism
Hyperparathyroidism
Renal dysfunction
Chronic renal disease
Renal transplantation
Unilateral nephrectomy
Disturbances of the autonomic nervous system
Pure autonomic failure
Diabetic neuropathy
Uremic neuropathy
Obstructive sleep apnea syndrome
Miscellaneous
Salt-sensitive hypertension
Pre-eclamptic toxemia
Malignant hypertension
Cardiac transplantation
Ethnicity (Africans and African Americans > Caucasians)

Data from Birkenhager and van den Meiracker [31]

observed by 1,126 physicians. The patients were men or
women at least 18 years of age who had documented high
BP (=140 and/or 290 mm Hg) in the absence of
antihypertensive treatment on two or more visits (n=
8,384) or who were under treatment with one or more
BP-lowering drugs for at least 2 months (n=34,563).
Daytime and nighttime periods were defined individually
based on the reported time at which the patient went to bed.
A normal dipping pattern was defined as a nocturnal
reduction of more than 10% in the average systolic BP
relative to the average daytime systolic BP. Patients were
classified as “extreme dippers” when the nighttime systolic
BP decrease was greater than 20%. When the mean night
systolic BP was higher than the daytime BP, the patients
were called “risers.” Figure 2 illustrates the prevalence of
the various circadian patterns in treated and untreated
patients. The prevalence of nondipping status was high in
both groups of patients, but it was even higher in treated
patients (39.4%) than in untreated patients (35.0%). There
were also a nonnegligible fractions of patients in the
“extreme dippers” and “risers” categories. Abnormal
nocturnal BP decline was seen more often in older patients,
in women, and in patients with additional cardiovascular
risk factors (including obesity or diabetes) or overt
cardiovascular or renal disease. In treated patients, no

@ Springer

relationship was found between a blunted nocturnal BP dip
and the time of drug intake, but patients taking more than
one drug were more likely to be nondippers. These
observations do not allow conclusions about causal rela-
tionships, but they do point out the importance of
performing ABPM in hypertensive patients with high
cardiovascular risk, as they are also at high risk of being
nondippers.

Effects of Antihypertensive Drugs on Nighttime Blood
Pressure

ABPM is now considered mandatory during the developmental
phase of antihypertensive drugs in order to establish the
magnitude and duration of their BP-lowering effect. ABPM
allows the characterization of the daytime and nighttime BP
responses to a given drug, the detection of eventual excessive
peak effects, and the calculation of indices reflecting the
smoothness of its action. The results of such trials are usually
provided by illustrating the 24-hour BP profiles before and after
treatment and by showing the effect of the drug on the average
daytime and nighttime BP. It is unfortunate, however, that more
attention has not been given to the drug-induced BP normal-
ization rate. This information would be very helpful, for
example, in determining whether a drug is equally effective in
normalizing BP during everyday activities and during sleep,
and in assessing the fraction of patients in whom daytime BP
and nighttime BP are normalized when the target clinic BP is
achieved.

There is a growing interest in chronotherapy as a means of
optimizing BP control in hypertensive patients [35¢] by
demonstrating not only normalization of daytime and night-
time BP but also the conversion of an abnormal dipping
pattern to a normal pattern, with the use of doses that
minimize the incidence of adverse effects. This approach
allows selection of the most suitable dose and the best time for
administering the drug. As an example, the dihydropyridine
calcium antagonist nifedipine (the gastrointestinal therapeutic
system [GITS] formulation) has been reported to be signifi-
cantly more effective in lowering BP and is better tolerated
when given at bedtime rather than in the morning [36]. In fact,
a number of antihypertensive drugs—various calcium antag-
onists, angiotensin-converting enzyme (ACE) inhibitors and
AT 1-receptor antagonists—have been shown to have different
effects on nocturnal BP dipping (as reflected by the so-called
diurnal/nocturnal BP ratio) with changes in the time of
administration [35¢].

All modern antihypertensive drugs have been developed as
once-a-day medications in order to facilitate long-term adher-
ence with therapy. To achieve this goal, some agents are
delivered in chronotherapeutically designed drug formulations,
such as controlled-onset or extended-release preparations. One
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possible explanation for the nondipping pattern is insufficient
24-hour therapeutic coverage. The time at which a single daily
dose is administered may greatly influence the 24-hour BP
profile. For example, in a substudy of the Heart Outcomes
Prevention Evaluation (HOPE) trial, patients with peripheral
arterial disease underwent 24-hour ABPM at randomization
and again after 1 year of treatment with ramipril, 10 mg once
daily at bedtime (n=20), or placebo [37]. The ACE inhibitor
lowered 24-hour BP and nighttime BP significantly more than
did the placebo, but there was no such result for either
daytime or clinic BP. The decreased cardiovascular morbidity
and mortality observed in the ramipril group of the whole
HOPE population, in the presence of only a modest mean
difference in clinic BP (3/2 mm Hg in favor of ramipril-treated
patients) may therefore be partly related to the better nocturnal
BP control obtained by giving ramipril at the evening.

The importance of nighttime BP control in treated
hypertensive patients is also supported by observations in a
substudy of the Anglo-Scandinavian Cardiac Outcomes Trial
(ASCOT-BPLA) [38]. In this substudy, 1,905 hypertensive
patients with high cardiovascular risk were randomized to
amlodipine or atenolol for a median follow-up of 5.5 years,
with the possibility of adding perindopril or thiazide,
respectively, to achieve a target clinic BP of less than 140/
90 mm Hg. There was a direct relationship between the rate
of cardiovascular events and both clinic and ambulatory BP,
with the best predictive value provided by nighttime BP.

Dippers

Il Untreated patients (n=8,384)
[ Treated patients (n=34,563)

B

Extreme
dippers

Risers

Nondippers

A recent cross-sectional study was performed in 1,794
patients with resistant hypertension (mean awake ambulatory
BP>135/85 mm Hg, nighttime ambulatory BP>120/
70 mm Hg, or the current intake of four or more drugs) [39].
Table 2 depicts daytime and nighttime ambulatory BP of
patients taking all antihypertensive drugs on awakening (n=
733), compared with BP measurements in patients who took
at least 1 antihypertensive drug at bedtime (n=573). There
was no significant difference between the two groups in
terms of daytime BP, but nocturnal BP was significantly
lower when the drug regimen included an evening dose of at
least 1 antihypertensive agent. This finding has important
implications, because resistant hypertension is a widely
accepted indication for ABPM [16], which therefore may
be useful not only to assess whether patients with high clinic
BP also exhibit high BP values during everyday activities,
but also to guide treatment, including the time of drug
administration.

The Risk of the Morning Blood Pressure Surge

An excessive increase in morning BP upon awakening
(morning surge) appears to be associated with an increased
risk of fatal and nonfatal CV events [40¢]. The risk appears
particularly important in elderly hypertensive patients,
especially with regard to cerebrovascular complications

Table 2 Chronotherapy in
patients with resistant hyperten-

Ambulatory blood pressure, mm Hg®

P (between groups)

sion: The effect of taking antihy-
pertensive medications on

All drugs on awakening (n=733)

>1 drug at bedtime (n=573)

awakening or at bedtime

Awake SBP 137+16

Awake DBP 80+12
*Mean=SD Asleep SBP 13319
DBP—diastolic blood pressure; Asleep DBP 73411
SBP—systolic blood pressure .

Nondippers

83.1%

135+15 0.053
80412 0913
123+15 <0.001
69+10 <0.001
40% <0.001

Data from Hermida et al. [39]
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[41]. Growing attention has therefore been directed to the
morning surge during the past few years [42]. A study
performed in 1,430 Japanese patients at least 40 years of
age, with a mean follow-up of 10.4 years, assessed whether
the nocturnal BP decline and the BP surge influenced the
risk of stroke [43]. It showed an increased risk of
intracerebral hemorrhage in extreme dippers (>20% mm Hg
nocturnal BP decline) versus normal dippers (10%—-19%
decline), as well as in patients with a morning BP surge of
25 mm Hg or more.

The magnitude of the morning BP surge appears to be
independent of the 24-hour ambulatory BP and the
nocturnal dipping status, however [41, 44]. In a recent
study in 5,645 individuals from 8§ countries with a median
follow-up of 11.4 years, the morning BP surge was
evaluated using two approaches: 1) Sleep-through morning
surge: the difference between the morning systolic BP
(average of BP 2 h after awakening) and the lowest
nighttime systolic BP (average of the lowest BP and the
two readings immediately before and after the lowest
value); and 2) Preawakening morning surge: the difference
between the morning systolic BP (average of BP 2 h after
awakening) and the preawakening systolic BP (average of
BP during the 2 h before awakening) [40+]. The risk of
cardiac and coronary events (but not cerebrovascular
events), was significantly increased in patients with a
sleep-through morning surge of 37 mm Hg or greater, or
with a preawakening surge of at least 28 mm Hg. The
evidence suggests that attempts to correct a nondipping
pattern in hypertensive patients are fully justified, but in so
doing, daytime BP also must be controlled to avoid
inducing a large morning surge.

Conclusions

The current evidence shows that it is essential to control both
daytime and nighttime BP to maximize the beneficial effects
on clinical outcome of antihypertensive therapy. The individ-
ualization of BP-lowering treatment therefore requires ABPM
in most hypertensive patients. Chronotherapy could greatly
influence nocturnal BP profiles and should be considered in
increasing populations such as patients with obstructive sleep
apnea. Further studies are needed to establish whether certain
classes of antihypertensive drugs (or certain drugs within a
class) are particularly effective in correcting abnormalities of
nocturnal BP.
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