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During the past decades, blood pressure (BP) measure-
ment technique has evolved rapidly from the traditionally
manual measuring to fully automatic monitoring. In terms
of management of BP, there have been tremendous
changes from the controlling of daytime BP, nondipping
pattern to nocturnal BP (NBP). Since the focus has turned
to NBP, a number of dilemmas of NBP measurement have
gradually emerged in clinical practice and research
settings, including methods for monitoring NBP, different

period definition of nocturnal time, different diagnostic
thresholds of abnormal NBP, whether to control abnormal
NBP, and how to manage abnormal NBP. Currently, these
issues have hindered progress in the appropriate manage-
ment of hypertensive patients. Therefore, the purpose of
this review is to concisely discuss the dilemmas of NBP. J
Clin Hypertens (Greenwich). 2012;14:787–791. �2012 Wi-
ley Periodicals, Inc.

Widely used conventional blood pressure (BP) moni-
toring technique was first described by Riva-Rocci
and Korotkoff more than a century ago.1 Since ambu-
latory BP monitoring (ABPM) was originally described
more than 40 years ago,2 however, it is generally
accepted that ABPM estimates ‘‘true’’ mean BP and
has better correlation with end-organ damage and car-
diovascular outcomes compared with traditional office
or clinic BP measurement technique.3–8 ABPM is
increasingly being used for the management of hyper-
tensive patients.9

It has been 24 years since the dipping phenomenon
was first coined by O’Brien and colleagues10 in The
Lancet. In healthy individuals, NBP decreases by 10%
to 20% and increases promptly on waking. However,
certain abnormal diurnal variation patterns have been
described in which the nocturnal fall of BP may be
more than 20% (extreme dippers), <10% (nondip-
pers), or even reversed (reverse dippers). Since then,
nondipping has been considered an abnormal diurnal
rhythm, which is associated with greater cardiovascu-
lar6 and cerebrovascular11 diseases. Nevertheless, in
recent years, evidence has shown that nocturnal BP
(NBP) levels rather than circadian BP pattern are more
accurate in predicting mortality and morbidity related
to BP, independent of mean BP and daytime BP lev-
els.12,13 In 2007, isolated nocturnal hypertension as a
potentially novel clinical entity derived from a Chinese
population study was examined by Li and colleagues.14

Through post-hoc analysis of an international ABPM
database, the prevalence of isolated nocturnal hyperten-
sion was between 6% and 10.5%.14

Given the above facts, the indispensible importance
of NBP has been widely accepted.15 The management
of NBP has also been generally recognized as essential
in controlling abnormal BP.16 However, there also
exist some pivotal and intricate issues on NBP that
have not been ideally treated. This review is an
attempt to discuss the dilemmas of NBP.

METHODS FOR MONITORING NBP
ABPM typically provides the following three types of
information: an estimate of mean BP level, the diurnal
rhythm of BP, and BP variability.17 This fully auto-
matic and theoretical nonsleep disturbance technique
is also an ideal method to monitor NBP. To date, it is
generally recognized that indirect intermittent ABPM
has been the only method for assessing NBP, particu-
larly during overnight sleep.18,19 This monitoring
method is considered a gold standard for NBP
measurement.17

This seemingly perfect measurement for NBP, how-
ever, has its own vital limitations. First, all currently
available ambulatory BP monitors produce sonorous
stimuli, which have been found to disturb sleep signifi-
cantly in a substantial proportion of patients.20–22 Fur-
thermore, the correlation between NBP derived from
ABPM and target organ damage tends to be weaker,
with the lowest sleep quality mainly resulting from the
repeated cuff inflations during overnight BP monitor-
ing.21,23 Verdecchia and colleagues24 performed a pro-
spective study with a median follow-up of 7 years. They
concluded that baseline NBP was not only higher in
hypertensive patients who perceived sleep deprivation of
at least 2 hours, but also lost its ability to predict future
cardiovascular events and death. Second, ABPM is not
commonly employed in routine clinical practice for eval-
uating NBP, mainly because of its high cost and inconve-
nience in performing multiple NBP measurements.17

Other methods for monitoring NBP have also been
investigated.18,19,25 Fully automatic home BP devices
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were used to estimate NBP by a single measurement at
2 AM.18,19 Its observed reproducibility in NBP was
poor during a 5.9-day interval.19 The application of
this technique for NBP measurement certainly still
requires large-scale studies. Additionally, the manual
device has been used to measure NBP at the point of
3 hours after sleep at the patient’s house.25 It is sug-
gested that BP recorded during sleep with traditional
equipment appears to be reliable in predicting target
organ damage. However, this study has only 30 hyper-
tensive patients and absence of the estimation of sleep
quality, which can significantly disturb NBP.25 It is
important to recognize that an exact and practical
method for the measurement of NBP is essential.

ACCURATE PERIOD OF NOCTURNAL TIME
Up to now, there has been no confirmed period of
nocturnal time for NBP. In clinical practice and
research settings, there are several non-uniform
approaches to classify the daytime and nighttime peri-
ods. One popular and accurate method is to assess
nocturnal sleeping time from the patients’ diary entries
to determine the nocturnal period.26,27 However, this
method may not objectively reflect real sleeping time.
Another simple method is to use an arbitrary fixed
time, for example, 1 AM to 6 AM

26 or 11 PM to 7 AM
12

for nighttime. An arbitrary definition of nocturnal
periods yields a significant degree of inaccuracy partic-
ularly in the evaluation of nocturnal dipping status
and BP loads.28 Helen and colleagues29 also suggest
that arbitrary (as opposed to patient-reported) defini-
tions of nocturnal periods can introduce inaccuracies
both in the degree and classification of BP status of
patients. In clinical practice, this misinterpretation
may lead to inappropriate antihypertensive therapy.
Therefore, the nocturnal period is indispensable in
clinical practice and research settings.

In the definition of NBP, we always associate ‘‘noctur-
nal’’ with ‘‘sleep’’ when in fact they are different. We
must clearly distinguish one from the other. NBP is gener-
ally regarded as the average of BP reading recorded
during the period most likely coinciding with sleep
time.30

DIAGNOSTIC THRESHOLDS OF NOCTURNAL
HYPERTENSION AND HYPOTENSION
The relationship between cardiovascular risk and BP is
continuous. However, in clinical practice a diagnostic
reference frame is necessary to interpret BP values and
to classify patients. In terms of nocturnal hypertension,
different guidelines have diverse thresholds for the def-
inition of nocturnal hypertension. The 2007 European
Society of Hypertension ⁄ European Society of Cardiol-
ogy (ESH ⁄ ESC) guidelines defined �120 ⁄ 70 mm Hg as
nocturnal hypertension and the 2005 American Heart
Association’s recommendation31 as 125 ⁄ 75 mm Hg.
The guideline definition of nocturnal hypertension is
based on its distribution in normal reference popula-
tions. However, outcome-driven thresholds for noctur-

nal hypertension provided by the International
Database of Ambulatory Blood Pressure in Relation to
Cardiovascular Outcome (IDACO) are more than
120 ⁄ 70 mm Hg, which conform to the 2007 ESH ⁄ ESC
guidelines. Nevertheless, with regard to a critical
value, this subtle difference may have tremendous
impact on newly diagnosed hypertension.

To date, there are no guidelines to define the stan-
dard of nocturnal hypotension. More attention should
also be paid to the excessive NBP dipping that is asso-
ciated with cardiac and cerebrovascular risks.32,33

Although there is no consistent definition of noctur-
nal time in the guidelines, there exists a seemingly
uniform threshold for nocturnal hypertension.

MANAGEMENT OF NBP
There is mounting evidence that NBP has been demon-
strated to better reflect cardiovascular risk and death
than daytime BP in hypertensive patients8,34–37 and pop-
ulation studies.7,38–41 Therefore, management of abnor-
mal NBP may have positive potential impact on cardiac
and cerebrovascular outcomes. Obviously, NBP should
be controlled in a relative ideal range; however, the goal
of low limits of NBP has never been widely and generally
determined. How can clinicians determine which level of
NBP is good for an individual patient? In terms of NBP,
there also exists the classic debate on ‘‘the lower, the bet-
ter’’ vs ‘‘J-shaped.’’42,43 Nevertheless, there is no specific
study on NBP with regard to this debate. An explicit tar-
get for the management of NBP needs more careful con-
sideration before making a decision to treat NBP.30

Different kinds of related events may require diverse
levels of NBP. The Ohasama study demonstrated that
NBP was not associated with hemorrhagic stroke but
ischemic cardiac and cerebrovascular events.32 It has
been suggested that abnormal NBP should be dis-
creetly controlled toward different risk factors. The
difference between ischemic events and hemorrhagic
events related to NBP has shown the difficulty in the
management of abnormal NBP in patients with com-
plicated disease. Although both all-cause mortality34

and cause-specific cardiovascular events8 are signifi-
cantly predicted by NBP, knowledge about particularly
cerebral events is sparse.11

Certain populations may require particular levels of
NBP. Nocturnal dipping, ie, lower NBP compared
with daytime BP, is a normal phenomenon in healthy
younger persons; however, it may be harmful for
elderly patients leading to cerebral hypoperfusion44

and even cerebral events related BP. In the elderly,
failure of cerebral autoregulation has shown that even
minor falls in BP may lead to cerebral dysfunc-
tion,45,46 which means that management of NBP in
the elderly should be prudent, especially in patients
with ischemic or hemorrhagic cerebral events.

Nocturnal Hypertension
Certainly nocturnal hypertension should be controlled,
especially in high-risk patients. Lowering high NBP
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can significantly decrease mortality and morbidity
associated with BP.7,8,35–39,41 Antihypertensive drugs
are the essential in the management of nocturnal
hypertension. The efficacy of divergent classes of
antihypertensive drugs on NBP has been widely inves-
tigated.47 Some antihypertensive drugs, such as b-
blockers, interrupt the sympathetic nervous system
while others, such as angiotensin-converting enzyme
(ACE) inhibitors and angiotensin receptor blockers,
interfere with the renin-angiotensin system.15 Morgan
and Anderson48 demonstrated that atenolol lowered
daytime BP but had no significant effect on NBP and
that perindopril lowered NBP more than daytime BP.
Sympathetic nervous system likely makes little contri-
bution to NBP. Conversely, ACE inhibitors confer a
greater drop in NBP than in daytime BP.48 According
to guidelines on hypertension, there is no general con-
sistency in the management of NBP, particularly in
isolated nocturnal hypertension, let alone with differ-
ent drugs efficacies on abnormal NBP. In the future,
more studies on NBP should focus on the efficacies of
antihypertensive drugs.

Nocturnal Hypotension
Due to the benefits derived from lowering high
NBP,7,8,35–39,41 there is increasing evidence to lower
NBP to a much lower level. However, the harm of
extreme low NBP should not be ignored in the man-
agement of NBP. Excessive low NBP also increases
cardiac and cerebrovascular risks.32,33 Extreme low
NBP compared with daytime BP can lead to silent
cerebral infarcts and increased cardiovascular events.33

Other studies have also demonstrated that a very low
NBP is associated with adverse cardiac events.44,49

Additionally, nocturnal hypotension has been shown
to damage the eye.50 Studies on whether nocturnal

hypotension is associated with visual loss from glau-
coma, however, has yielded controversial results.51,52

Therefore, the management of nocturnal hypotension
should be considered comprehensively, particular in
patients with complicated diseases.

Time of Dosing and Morning BP Surge
Why should antihypertensive drugs be administered in
the morning after rising? Timing of cardiac and cere-
brovascular events has been shown to be the potential
cause and the aforementioned events have a peak inci-
dence during the first few hours after morning wak-
ing.53 In the early morning, BP values surge
rapidly.54,55 There exists marked diurnal variation in
the onset time of cardiovascular events, with the peak
value exhibited in early morning. Coincidently, BP
also exhibits a similar diurnal variation, with a surge
in the morning.17,56 It has been postulated, although
not proved, that there might be some potential essen-
tial correlation between the incidence of events and BP
surge in the early morning.57–60 It stands to reason
that we should control the morning BP surge by
administrating antihypertensive drugs after morning
wakening.61,62 Due to the concern about early morn-
ing BP surge, the management of NBP has been sub-
stantially ignored.61 Nevertheless, some studies have
provided evidence that it would be preferable to
administer ACE inhibitors and ARBs before
sleep.15,47,48 Up until now, not enough evidence has
been accumulated to divert dosing time to evening.63

Thus, antihypertensive drugs are still typically taken in
the morning after wakening. More prospective investi-
gations, clinical trials, and cohort studies focus on out-
comes related to modification of the circadian BP
rhythm, and NBP values are still needed before recom-
mendations can be made to normalize them.

FIGURE. Interpretation of the relationship between nocturnal blood pressure (NBP) and morning blood pressure surge. Dawn phenomenon indi-
cates normal NBP but high morning blood pressure surge; Somogyi effect, NBP lower than normal and the morning blood pressure surge exces-
sively higher than normal in the early morning; poor BP control, abnormal BP not under appropriate control.
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As mentioned above, there exist some conflicts in
the management of morning BP surge and abnormal
NBP. However, to properly manage morning BP surge,
NBP should be seriously taken into account. Perhaps
we can interpret this relation between NBP and morn-
ing BP surge by means of plasma glucose in diabetic
patients. It has been assumed that morning hyperglyce-
mia in diabetic patients may be caused by the dawn
phenomenon, the Somogyi effect, or poor glycemic
control (Figure).64 Similarly, morning BP surge in
hypertensive patients might be caused by the following
three aspects. First, the dawn phenomenon in BP
means that NBP is normal, but physiologically the
pressor effect of the renin-angiotensin system or sym-
pathetic nervous system is stimulated in the morning.55

Second, the Somogyi effect in BP is when NBP is lower
than normal and pathologically the pressor effect of
the two aforementioned systems are excessively acti-
vated in the early morning (perhaps the doses of anti-
hypertensive drugs are excessive). Third, poor BP
control wherein the NBP is unknown and will inevita-
bly lead to the poor efficacy of morning BP surge con-
trol and perhaps adverse events. Therefore,
chronological treatment for morning BP surge may be
achieved by bedtime dosing of antihypertensives. This
may play an important role both in NBP and morning
BP surge.65

CONCLUSIONS
There exist a number of dilemmas of NBP in terms of
methods for monitoring, the accurate period of noctur-
nal time, diagnostic thresholds of abnormal NBP, and
the management of NBP. To overcome some of these
challenges, a simple method to measure NBP, espe-
cially during sleeping, should be required. Interna-
tional conformity in the range of nocturnal time for
NBP and thresholds of abnormal NBP should be made
as soon as possible. To appropriately manage NBP
and morning BP surge, we should take into account
nocturnal hypertension and the adverse events. Admin-
istering antihypertensive drugs for nocturnal hyperten-
sion at bedtime may improve the control of NBP.
Although some issues prevent progress in the manage-
ment of NBP, it should be accurately and simply mea-
sured and be normalized to reduce the risk of
mortality and morbidity related to NBP.
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