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This review presents evidence that ambulatory blood
pressuremeasurement (ABPM) should be usedmore
widely inclinical practiceandhypertension research.
The technique, which should be mandatory in trials
of antihypertensive drugs, is not being used in all
studies of antihypertensive drug efficacy. ABPM is
also being under-used in outcome studies. The fail-
ure to implement ABPM in primary care and hyper-
tension research is impeding patient management
and scientific advancement. ABPM offers so many
advantages in assessing the efficacy of blood pres-
sure (BP)-loweringdrugs that it shouldbemandatory
in pharmacological trials. Likewise, the technique
provides a means of achieving BP control in clinical
practice, which is essential if we are to halt the epi-
demic of the cardiovascular consequences of hyper-

tension. However, if ABPM is to be implemented for
these purposes, certain requirements will need to be
fulfilled. These include the availability of accurate,
patient-friendly and inexpensive devices; standardi-
zation of the presentation and plotting of data with
summarystatistics forday-to-daypractice; provision
ofcomprehensivedataanalysis for research;an inter-
pretative report to facilitate use in busy clinical prac-
tice; a trend report to demonstrate efficacy or other-
wise of treatment in clinical practice and online
transmission of data to provide immediate real-time
data analysis. The reasons why ABPM is not being
implemented are reviewed, and proposals are made
tomake the techniquemoreacceptable.
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Historical perspective

Conventional measurement

Traditionally, blood pressure (BP) has been
assessed, and continues to be measured, with the
auscultatory technique introduced into clinical
medicine at the end of the nineteenth century.
Despite being inaccurate and misleading, this
technique has survived largely unchanged for over
100 years. It is salutary to reflect that since Riva-
Rocci and Korotkoff introduced the technique, we
have landed men on the moon, encircled Mars,
invented the automobile and airplane, and, most
importantly, revolutionized the technology of sci-
ence with the microchip. Why, we might ask, has
medicine ignored scientific evidence for so long

and thereby perpetuated an inaccurate measure-
ment technique in both clinical practice and
hypertension research [1]? The same sentiment
has been expressed by Floras: ‘As a society, we
are willing to contemplate widespread genomic or
proteomic subject characterization in pursuit of
the concept of ‘individualized medicine’. By con-
trast, blood pressure measurement is one of the
few areas of medical practice where patients in
the twenty-first century are assessed almost uni-
versally using a methodology developed in the
nineteenth century [2]. Quite apart from the inac-
curacy of the auscultatory technique, one of its
major limitations is that it can only provide a
‘snapshot’ of BP behaviour usually under circum-
stances that may adversely affect the level of BP.
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To overcome these serious methodological short-
comings, techniques for obtaining automated pro-
files of BP behaviour over 24 h have been developed.

Technological development of ABPM

Ambulatory blood pressure measurement (ABPM)
has been available in one form or another for some
30 years, having been developed initially to deter-
mine the efficacy of BP-lowering drugs [3, 4].
Although assessing the BP-lowering efficacy of anti-
hypertensive drugs over the 24-h period is a logical
scientificpremise, theability todosohasbeendepen-
dent on technological developments. The first major
break with traditional BP measurement was the
introduction of a direct intra-arterial technique for
the measurement of BP over the 24-h period [5]. The
data on antihypertensive drug efficacy provided by
studies using this system was particularly valuable
because it provided continuous BP measurement
throughout the day and night, but use of the tech-
nique was limited by safety and ethical consider-
ations [3, 6, 7]. Efforts were focused, therefore, on
developing a device that would record ambulant BP
noninvasively and in the 1960s the Remler device,
which was capable of measuring BP intermittently
during the daytime period, provided clinicianswith a
new technique for evaluating antihypertensive drugs
[8]. This device yielded interesting information on
drugefficacybutwas limitedbyhaving tobeoperated
by the patient, which made measurement of noctur-
nal BP impractical. The next technological advance
was the introduction of fully automated devices that
could measure BP intermittently at predetermined
intervals over the 24-h period [4]. This class of
devices, amongst which the SpaceLabs series has
been dominant, provided a methodology that was
applicable not only for research but also for use in
routineclinicalpractice [9].

Self-measurement of BP

The risingpopularity of self-measurementofBPasan
alternative methodology for obtaining out-of-office
BP has tended to distract attention from the clinical
useofABPM. It isoftenwronglyassumed thatasingle
‘casual’ self-measurement of BP can give an assess-
ment of a patient’s BP that approximates to daytime
ABPM [1]. However, to obtain a self-measured BP
approximating to daytime ABPM, it is necessary to
adhere to a comprehensive schedule of self-measure-
ment requiring the patient to perform daily duplicate
morning and eveningmeasurements on 7 days, with
the first-day measurements being discarded and the

remainingmeasurementsover6 daysbeingaveraged
[1, 10]. In contrast, to obtain an ABPMprofile, multi-
ple measurements (usually every 30 minutes) are
obtained over one entire day, with the important
added advantage of the nocturnal BP being available
foranalysis [1].

Advantages of ABPM

The advantages of ABPM, which have been stated in
comprehensive reviews [1, 11–13], have influenced
recommendations for the technique to be an indis-
pensable investigation in clinical practice [14–16].
These advantages may be briefly summarized as fol-
lows: first and foremost, ABPM 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; many of the for-
mer with white-coat hypertension who would have
been prescribed BP-lowering drugs on the basis of
conventional measurement may not require medica-
tion, whereas the latter are in need of efficacious 24-
h BP control. By showing BP behaviour in the win-
dows of a 24-h period, such as the white-coat and
nocturnal periods, it is possible to assess the efficacy
of antihypertensive medication throughout the day
and night rather than relying on a casual BP mea-
sured with an inaccurate technique under artificial
circumstances – the demonstration of the 24-h effect
of BP-lowering drugs has implications for both clini-
cal practice and pharmacological research; ABPM
can demonstrate a number of patterns of BP behav-
iour thatmay be relevant to clinical practice, such as
nocturnal hypertension; ABPM is a much stronger
predictor ofCVmorbidity andmortality than conven-
tional measurement, and evidence is growing that
nocturnal BP measured by ABPM may be the most
sensitive predictor of CV outcome, from which it fol-
lows that the measurement of night-time BP should
be an important part of clinical practice; [1, 14]
importantly, ABPM provides a means for not only
improving the diagnosis and management of hyper-
tension, but also for ensuring that effective control of
hypertension is implemented at community level;
[17] finally, even though ABPM is more expensive
than conventional measurement, the technique has
been shown to be cost-effective, both in specialist
services and in primary care and the financial sav-
ings to be made frommore rational drug prescribing
and the achievement of better BP control with ABPM
await evaluation [1, 18].
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However, despite all the advances in technology and
the abundant evidence in favour of ABPM the state-
mentmade byGarret andKaplan in 1987 that ABPM
‘is an idea whose time has come’ [19] has simply not
been realized. A major aim of this review will be to
examine the reasons why this is so and to examine
ways in which ABPM may be made more acceptable
inclinicalpracticeandhypertensionresearch.

Requirements for ABPM

Many of the following requirements have been
achieved, and some are aspirational but within the
reachofmoderntechnology.

ABPM devices

Device accuracy. Ambulatory blood pressure mea-
surement devices differ from other automated
devices on the market, for example devices for self-
measurementofBP, in that virtually all thatare avail-
able on the market have been subjected to indepen-
dent validation, mostly according to the European
Society ofHypertension (ESH) International Protocol,
and most of these are accurate although this often
depends on the circumstances of use [20, 21]. The
recent availability of the revised ESH protocol online
with the capability of real-time analysis of validation
data should greatly facilitate the validation process
and hopefully lead tomore devices being validated in
patient subgroups, such as patients with atrial fibril-
lation, the elderly, children and pregnant women
[20]. It is important for physicians andpatients using
ABPM to ensure that the device being used has been
recommendedforclinicalusebycheckingthewebsite
http://www.dableducational.org,whichprovides the
latestaccuracydataonallBP-measuringdevices.

Devicedesign. In spite of the technological advances
of recent years, it has to be noted with regret that
there has been little by way of innovation in device
design for ABPM; users are still obliged to wear a
device on the waist connected via tubing to an inflat-
ablecuffwornontheupperarm.However, thedevices
have reduced in size, and the disturbance caused by
the noise of the inflation pump has decreased greatly
over recentyears.

ABPM software

Whereas the current generationofdevices forABPM–
thehardware – isgenerallyacceptable topatients, the
same cannot be said for the software accompanying
ABPM devices. Put another way, the patient as one

category of user may be reasonably served by the
ABPM devices on offer, but the physician who has to
make sense of the considerable data provided by
ABPM is often faced with a bewildering report with
reamsofpapercontainingplots,histogramsanddata
analysis that has no relevance for clinical practice.
The result is that a busy general practitioner is forced
to extract the mean daytime and night-time BP so as
to obtain a pertinent working analysis at the cost of
muchmore information thatmaybegleaned fromthe
24-hBP cycle [1, 13]. At another level, the researcher
is denied a mass of informative information simply
because it is not presented in a cogentmanner and is
not available for online storage and analysis. It has
been necessary, therefore, to direct attention to
designing software that can,on theonehand,provide
the basic information in a user-friendly format for
clinical practice, whilst on the other being able to
store and retrieve the data required for the sophisti-
catedneedsof clinical research.Thedabl�ABPMsys-
tem has been developed to fulfil these requirements
[1, 13, 22–24], and its features may be summarized
as follows:

Clinical report. The report for clinical use has been
designed to be comprehensive and concise so that all
thedataareeasily readononepage (Fig.1):

1 A standardized plot format with BP levels on the
vertical axis and time of day on horizontal axis,

Fig. 1 White-coat hypertension.Theambulatorybloodpres-
sure measurement (ABPM) shows white-coat hypertension
(175 mmHg ⁄95 mmHg) with otherwise normal 24-h systolic
blood pressure (133 mmHg daytime, 119 mmHg night-time)
and optimal 24-h diastolic blood pressure (71 mmHg day-
time, 59 mmHg night-time). Normal dipping pattern [Plot and
report generated by dabl ABPM—ª dabl 2010 (http://
www.dabl.ie)].
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with windows of the 24-h period and normal
bandsclearlydemarcated

2 Plot of systolic blood pressure (SBP) and DBP
throughout the24-hperiodwith facility forplotting
heart rateandmeanBP

3 Summary statistics for SBP,DBP and heart rate in
thewindowsof the24-hperiod

4 Interpretative report indicating the normal or
abnormal patterns and if the required measure-
ments foravalidrecordinghavebeenmet

5 Medicationdetails

6 Facility forshowingerror readings if required

Interpretative report. The interpretative report has
beenvalidatedagainstexpertobservers.Thevariance
in reporting ABPM data, which is common amongst
expert observers, is removed by computerized dabl�-
generated interpretative reports, thereby improving
the diagnostic decisions based on 24-h ABPM [24].
Apart fromconsistentanalysisofdata, the interpreta-
tive report has a number of other advantages: it
serves as an educational process for users of ABPM
whoarenot familiarwith the technique; it canbepro-
vided to patients so as to allow for their participation
in management, and it removes the need for a
physician report with consequent financial saving. A
selection of fourteen 24-h patterns of ABPM and the
computer-generated reports are available in the sup-
plementaryfiles (see:FigsS1–S13.)

Circadian patterns of ABPM. In clinical practice,
there is a tendency to concentrate on the mean day
andnight-timeBP levelswithoutgivingconsideration
to the informationthat canbeobtained fromstudying
and interpreting the circadian patterns that can add
greatly to the clinical management of hypertension.
The common patterns of ABPM (Table 1 and Figs S1–
S13) include white-coat hypertension, white-coat
effect, systo-diastolic hypertension, isolated systolic
hypertension, isolated diastolic hypertension, noc-
turnal dipping and nondipping, reverse dipping,
extreme dipping, siesta dipping, isolated nocturnal
hypertension, the morning surge, masked hyperten-
sionandambulatoryhypotension [22–68].

Trend report. The provision of a trend report allows
ABPMs to be compared over time and clearly demon-
strates the efficacy or otherwise of treatment strate-
gies. If ABPM is to be used to achieve better BP

control, it is essential for prescribing doctors (and
patients) to be able to see whether medication is
achieving control throughout the day and night-time
periods. The dabl� ABPM system provides a trend
report showing the daytime and night-time levels of
BP in relation to the normal bands for each ABPM so
that it can be clearly seen whether medication is
achievingBPcontrol.

Research report. The dabl� system allows for the
storage of data for detailed analysis for research and
audit according to evidence-based definitions for
time-weighted arithmetic and mean values for mea-
sures of bloodpressure level and in view of recent evi-
dence that BP variability may give information over
and above BP mean levels and that reduction in BP
variability may be beneficial [69–71], time-weighted
measures of variability such as standard deviations
and coefficient of variation and measures of white-
coat hypertension, white-coat effect, nocturnal dip
andmorning surge are also provided. The dabl� sys-
temalsoprovides informative indicesassociatedwith
outcome, which include area under the curve calcu-
lations, BP load parameters, trough and peak levels,
the smoothness index, cusum-derived statistics, and
most recently the ambulatory arterial stiffness index,
which has been shown to predict CV mortality in a
large cohort of hypertensive individuals, particularly
from stroke. This association, which is evident even
in normotensive subjects, may permit early categori-
zationofhypertensivepatientsat risk fromCVevents,
thus indicating those in need of aggressive BP lower-
ing [72].

Central hosting and electronic transfer of data. If
ABPM is to realize its full potential, it is essential that
the data generated can be transmitted electronically
forcentralhostingsoas tobeable toprovide real-time
data to users of the system. The largest study to date
utilizing electronic transfer of ABPM data in primary
care comes fromSpain,where anationwide project to
promote theuseofABPMinprimary care settingshas
beenestablished,and thishasprovidedaperspective
on community hypertension that is very different to
that obtained with conventional measurement [1,
17].An Irish registryusing thedabl� systemnowcon-
taining over 130 000 ABPMs in over 80 000 patients
drawn from specialized centres, primary care physi-
cians, community health centres and pharmacies
linked to a centrally hosted centre from which data
can be transmitted online as required [Vellinga A,
O’Brien E, Murphy AW, unpublished data]. These
registries are allowing for accurate demographic
categorization of national BP characteristics so that
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intervention strategies to achieve BP control andpre-
vent theCVconsequences of hypertension canbe ini-
tiated.

ABPM in primary care

Ambulatory blood pressure measurement has been
shown to be feasible, cost-effective and able to pro-
vide information that can improve management and
blood pressure control [1]. An Irish study in primary
care showed that only 12% of patients achieved tar-
get BP with conventional measurement compared
with more than one-third of patients with ABPM.
Furthermore, medication was changed in 38% of
patients as a result of ABPM; 32% had a new medi-
cation started, and 14% of untreated patients with
elevated conventional BP measurement who were
candidates for drug treatment were not commenced
on medication because ABPM was normal [73]. In
the Spanish registry, study conventional BPs were
significantly higher than ABPM in patients catego-
rized as being at low-to-moderate added risk, with a
greater difference in those categorized as being at
high risk in spite of receiving much more antihyper-
tensive treatment. Moreover, high-risk hypertensive
patients showed a high prevalence of circadian
rhythm abnormalities on ABPM, with a nondipping
pattern being common [17, 74]. In both studies, BP
control was better when assessed by ABPM than by
conventional BP, indicating that the white-coat
effect with the latter measurement is leading to an
underestimation of BP control in the community. BP
control was underestimated in more than one-third
of patients and overestimated in some 5% by con-
ventional BP as compared to ABPM. Notably, BP
was uncontrolled by both methods of measurement
in 43% of patients. High-risk patients showed poorer
ABPM control then low-to-moderate risk patients in
spite of receiving much more antihypertensive treat-
ment [73, 74]. These studies clearly indicate that
more effective control of BP is possible by using
ABPM in primary care.

ABPM in pharmacological research

Ambulatory blood pressure measurement was first
used over 30 years ago in pharmacological studies
of the efficacy of BP-lowering drugs [3, 4]. Atenolol
taken once daily in the morning was shown to lower
BP during the day but to have little effect on either
night-time BP or the morning rise in BP. The pre-
scient conclusions of this study merit quoting in
full because they are as relevant today as when
they were written in 1979: ‘The circadian rhythm of

blood pressure raises many questions about the
timing of antihypertensive drug dosage and the
effects of traditional regimens. Single measure-
ments in outpatient clinics are unlikely to yield
useful information on the effects of drugs on this
basic cycle. If treatment aims at lowering blood
pressure to a ‘‘normal’’ level (140 ⁄90 mmHg) clearly
it is desirable to lower it to that level throughout
the 24-h cycle’ [75]. In another early study using
intra-arterial ABPM, it was shown that whereas
four beta-blockers achieved a significant reduction
in mean arterial ABPM, the extent to which each
drug did so differed over the 24 h, and importantly
the authors highlighted a very basic principle that
has too often been forgotten, namely, that had
clinic BP only been measured no difference between
these four drugs would have emerged [76].

Around the same time as these studies with direct
intra-arterial measurement were being conducted,
my department began using noninvasive ABPM to
assess the efficacy ofBP-lowering drugs [3]. From the
results of early studies using daytime and 24-h
ABPM, a number of patterns emerged. First, ABPM
could be in agreement with clinic BPmeasurements.
Instudies inwhichaclinic fall inBPwasconfirmedby
ABPM, the latter also demonstrated what conven-
tional BP measurement can never show, namely the
pattern of antihypertensive effect over the dosing
interval. Secondly, clinic BP measurement could fail
to detect the BP-lowering effect demonstrated by
ABPM.Finally, reductions inclinicBPcouldbesignif-
icant, but ABPM might be either nonconfirmatory or
show that the clinic BP reduction coincided onlywith
a brief period of BP reduction on ABPM [3]. These
early studies showed that many drugs would
have been declared as quite efficacious BP-lowering
agents by conventional BP measurement, whereas
ABPM showed a pattern of activity that was far less
impressive.

Later studies have shown that treatment-inducedBP
lowering is greater onofficeBPmeasurement thanon
ABPM, because of the absence of a white-coat reac-
tion, negligible placebo effect and less regression to
the mean of averaged pressures, and that the reduc-
tion in night-time BP is smaller on ABPM than for
daytimeBP, possibly reflecting thepractice of admin-
istering drugs in the morning rather than at night
[77]. The potential advantages of ABPM for assessing
treatment effects in clinical trials include the ability
to evaluate the duration of action of a drug and to
analyse its effects onnight-time BP, the need to enrol
fewer patients, the almost complete absence of a

E. O’Brien | Review: ABPM in practice and research

482 ª 2011 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 478–495



Table 1 Summaryofambulatorybloodpressuremeasurement (ABPM)use in clinical practice

Windowsof the24-hprofile PatternsofABPM

White-coatwindow White-coathypertension
ThiswindowextendsfromthebeginningofABPMrecordingand
lasts for1 h [22,25]duringwhichbloodpressure (BP)maybe
influencedbythealertingcircumstancesof themedical
environment, for example in thepresenceofadoctorornurse.
ABPMis themethodof choice fordiagnosingwhite-coat
hypertension,which is readilydiagnosed inthiswindow[11,26,
27].ABPMis recommendedbynationaland internationalguide
lines inEuropeandtheUnitedStates toexcludethecondition
[11,12]; theEuropeanSocietyofHypertensionrecommends
thatpatients inwhomadiagnosisofhypertension isbeing
contemplatedbasedonanelevatedofficeBPshouldhaveABPM
toexcludewhite-coathypertension [12]

White-coathypertension ispresentwhenofficesystolic
bloodpressure (SBP) is>140 mmHgordiastolicblood
pressure (DBP)>90 mmHg,butdaytimeABPMaverage
SBPis<135 mmHgandDBP<85 mmHg[28].Therisk
associated with white-coat hypertension remains contro-
ersial,but it shouldnotberegardedasbenign,with the
riskofdevelopingsustainedhypertensionatsometime
beingalmost inevitable [29–31] (Fig.1)
White-coateffect
This ispresentwhentheofficeBPishigher thandaytime
ABPM,which isnonetheless increasedabovenormal; it is
present inmosthypertensivepatients [12]
[Supplementaryfig–Fig.S1]

Daytimewindow Systo-diastolichypertension
Thedaytimewindow followsthewhite-coatwindowand is the
periodwhenthesubject isaway fromthemedical environment
andengaged inusualactivities [30].Foralmostall subjectswith
hypertension,BPsduringthiswindoware lower thanofficeor
clinicBP[27,32].However,BPsduring thisperiodaresubject to
stress,activity, armmovement,and theeffectof exerciseand
otheractivities, suchasdriving,allofwhichmayhavean
influenceonthemean level ofBPrecorded [33].Theseeffectsare
largelyabsent fromBPmeasuredduring thenocturnalperiod
[14,34].Thepatterns in thedaytimewindowcanbeevidenton
officeBPbut thiscangiveno indicationof thedurationof the
patternor the responsetodrug treatment.Thepatternspresent
inthedaytimewindowmaybecarried into thenight-time
window

Systolicanddiastolichypertension is thecommonestday
timepattern [12,35].MeandaytimeBPissuperior to
clinicBPinpredictingoutcome,but inferior tonocturnal
BP[14,36].Theseverityofhypertension isalso indicated
(Fig.S2)
Isolatedsystolichypertension
Theseverityof isolatedsystolichypertensionmaybeover
estimatedwithofficeBPbecauseof thewhite-coateffect;
forexample, officesystolicBP in theelderlymayaverage
20 mmHgmore thandaytimeABPM[37].ABPMshows
thedurationof isolatedsystolichypertensionand
predictsoutcomemoreaccurately thanofficeBP[38]
(Fig.S3)
Maskedhypertension
Maskedhypertension ispresentwhenofficeBPisnormal
butdaytimeBP>135 ⁄85 mmHg.Prevalence inadults is
at least10%,which Isestimatedtobeasmanyas10
millionpeople in theUnitedStates.Adultswithmasked
hypertensionhave increased targetorgan involvement
and increasedcardiovascularmorbidity [12,31,39]
(Fig.S4)
Ambulatoryhypotension
This iscommon intheelderlywithautonomicor
baroreceptor failureandABPMmayshowpostprandial
andposturalhypotension.Drug-inducedhypotension
andhypotension inyoungpatientswithsymptomsmayalso
bediagnosedwithABPM, [11,31] (Fig.S5)
Siestadipping
This iscommon insomeMediterraneansocieties,but
manyelderlypatients takeasiestaandfailing toaccount
for thesiestadipmaydistort theday ⁄night ratioofABPM
[40,41.]Themagnitudeof thesiestadipmayhave
prognostic implications [42] (Fig.S6)
Isolateddiastolichypertension
ThiscanalsobepresentonclinicBPbut ismore readily
studiedwithABPM.Prevalence is estimated tobe3.6%
[28]. If systolicBPisnormal,highdiastolicBPisprobably
notassociatedwithanadverseprognosis [43] (Fig.S7)
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Table1 (Continued )

Windowsof the24-hprofile PatternsofABPM

Vesperalandnocturnalwindows Dipping
DependingonwhetherBPfalls, risesor remainsstatic inthese
windowsdetermines thedippingstatusofpatients. In the
normal individual, there isadecline inBPinthevesperal
window fromdaytime levelsofBPthat reachesaplateauduring
thenight-timeperiod.Thisperiod (9.01 PMto0.59 AMonthe
basisofABPMcommencingat9 AM) isnot included inthe
estimationofdayandnightmeanpressuresbecause thisperiod
representsa timeduringwhichbedrest is inconsistentand,
therefore, cannotbecategorizedreliably [44]. Inhypertensive
patients (orsomenormotensivepatientswithCVdisease), the
decline inBPduring thevesperalwindowmaybeabsent
(nondipping) so thatBPsdonot reachbasal levels [35,45–47].
BPmayrise in thevesperalwindowtoreachlevels thatare
higher thandaytime levels (reversedipping) [48].Alternatively,
theremaybeamarked fall inBPduring thevesperalwindowto
give thephenomenonof extremedipping [49].Therefore,what
happens toBP in thevesperalwindowpredicates theBPlevel in
thenocturnalwindow

Themajorityofpeoplehaveadippingnocturnalpattern,
whichcanbedefined indifferentways [11–14] (Fig.S8)
Nondipping–Nocturnalhypertension
Nocturnalhypertensionoradiminishednocturnal fall in
BPisassociatedwithpoorcardiovascularoutcomeboth
inpopulationsand inhypertensivepatients [1,14,26,48,
61–63]Bluntednight-timedipping isassociatedwith
angiographiccoronaryarterystenosis inmen, [55] lower
cognitiveperformance, [56] left ventricularhypertrophy,
[57]andrenal target organ involvement [58].Foreach
10-mmHgincrease inmeannight-timeSBP, themortality
risk increasesby21%[14,59] (Fig.S9)
Reversedipping
PresentwhenBPrisesabovedaytimepressuresrather
than fallingduringthenight.Thesepatients (also referred
toasrisers, orextremenondippers)have theworstCV
prognosis,both for strokeandcardiacevents [47]
(Fig.S10)

Thenocturnalwindowfollowsthevesperalwindowand is the
periodbetween1.00and6.00 AM[26].BPs inthiswindoware
most likely tocoincidewithsleep (or ifnotwithactual sleep,with
thegreatest cessationofactivity) andare likely, therefore, to
representasteadystate.There is compellingevidencethat
nocturnalBP issuperior tocasualpressure inpredictingout
come[14,34,46,50,51].Thereareanumberofmethodological
limitations to recordingBPatnight [34,44,52].Butdespite
doubtsaboutreproducibilityof thenight-to-day ratio,night-
timeBPismorestandardizedandconsequentlymore
reproducible thandaytimeBP(sleepbeingamorestablestate
thanactivity) andthis featuregivesnocturnalBPitspredictive
value [53,54]

Extremedipping
Presentwhenthere isamarkednocturnal fall inBP.
Patientswithatheroscleroticdiseaseareat riskof
nonfatal ischaemicstrokeandsilentmyocardial
ischaemia if excessiveBPreduction is inducedby
injudiciousBP-loweringtreatment [47,60].Extreme
dipping is closelyassociatedwithanexcessivemorning
surge inBP[48] (Fig.S11)
Isolatednocturnalhypertension
Isolatednocturnalhypertension,whichmaybepresent in
7%ofhypertensivesubjects, canonlybediagnosedwith
ABPM.Onestandarddeviationelevationofnight-timeBP
increasescardiovascular riskbyapproximately20%.
Nocturnalhypertension inpatients inantihypertensive
drug trialscouldhavean important influenceon the24-h
efficacyofBP-loweringdrugs [59] (Fig.S12)

Matinalwindow Morningsurge
Thematinalwindowextends fromtheendof thenocturnal
windowtothecommencementofdaytimeactivities following
rising.Thisperiod (6.01–8.59 AM) isnot included inthe
estimationofdayandnightmeanpressuresbecause it
representsa timeduringwhichbedrest is inconsistentand,
therefore, cannotbecategorizedreliably [44].However, the
magnitudeof the rise inBP in thematinalwindowmayyield
valuableprognostic information. Innormalsubjects,amodest
rise inBPoccurs in thematinalwindowprecedingawakening
fromsleeptomerelyrestore thepreviousdaytime level ofBP
[64].However, thispre-awakening rise inBPinhypertensive
patientsmayexceedthedaytimeaverage togive the
pre-awakeningormorningsurge [1]

Amorningsurge isdefinedasarise inBP>55 mmHgfrom
the lowestnight-timereading.Cardiovascularevents,
suchasmyocardial infarction, ischaemiaandstroke,are
more frequent in themorninghourssoonafterwaking
thanatother timesofday.Circadianvariations inbio-
chemical andphysiologicalparametershelptoexplain
the linkbetweenacutecardiovasculareventsandthe
earlymorningBPsurge [65,66]. Inolderhypertensive
subjectswithamorningsurge theriskof stroke is
increasedalmost threefold [67].Greatercarotid
intima-media thicknessandcirculating inflammatory
markerscoexist inhypertensivepatientswithamorning
surgepossiblycontributingto the increased
cardiovascular risk inthesepatients [25,68] (Fig.S13)
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placebo response andbetter correlationof the results
withclinical outcomes [3,77].

When we consider that the phenomena of white-coat
hypertension, nocturnal dipping and the morning
surge, cannot be even suspected with conventional
BPmeasurement and that the technique can give no
indication of the duration of antihypertensive drug
effect, it is remarkable that researchers canpersist in
using the technique, and it is indeed worrying that
theeditorsofscientific journalsandtheirpeer review-
ers can give scientific credence to studies performed
with an inaccurate and limited technique. We must
question also why the bodies that regulate the
approval of antihypertensivedrugshavenotmadeBP
measurement over 24 h mandatory for studies of
drug efficacy and why the pharmaceutical industry
funds such studies. Although 24-h ABPM is being
used increasingly in clinical trials, it is surprising,
nonetheless, that many studies continue to rely on
clinicBPmeasurement to assessdrug efficacy [3, 78–
87]. Whereas these studies may be well conducted
and may indeed show that the BP-lowering effect at
one point in the 24-h profile is superior or inferior to
another drug (or combination of drugs), they cannot
provide information on the duration of BP-lowering
efficacy of the drug being evaluated nor its effect on
nocturnal phenomena, such as nondipping and the
morning surge. The inevitable question raised by
these studies is simply howmuchmore effective they
might have been had they been able to provide infor-
mationondurationofdrugeffectandtheBP-lowering
effect in individual windows of the 24-h profile. In
monetary terms, themodestcostofABPMwouldhave
beenmore than repaid by the scientific data showing
the circadian efficacy of BP lowering. In contrast,
studies using both ABPM and conventional BP mea-
surement clearly show the added value of ABPM in
detecting pharmacological effects that would not
have been evident from conventional measurement
alone [88–98] (Table 2). Of interest in the context of
this review is the fact that in two of these studies
ABPM failed in almost a quarter of patients, which
emphasizes the need to resolve the practical issues
that result in such an unacceptable level of failure
[92,95].

Regulatory recommendations for pharmacological studies

The US Food and Drug Administration (FDA) guide-
lines that are still in draft form state that ‘The effect
of the drug over the duration of the dosing interval
has generally been evaluated in recent years with
ABPM studies (which can incorporate dose–

response elements and an active control), but stud-
ies that measure blood pressure at approximate
peak and at trough (predosing) blood levels can also
be used’ [99]. The current European Medicines
Agency (EMA) guidelines recommend that: ‘As
ambulatory blood pressure monitoring (ABPM) pro-
vides a better insight to blood pressure changes
during everyday activities, ABPM is strongly recom-
mended for the evaluation of new antihypertensive
agents, although there are insufficient data to
accept ABPM as the sole basis for efficacy in an
approval process’ [100]. The guideline then goes on
to stipulate the requirements for ABPM but unfortu-
nately these fail to give attention to the practical
realities that are necessary if the technique is to be
successfully implemented in pharmacological stud-
ies. For example, the requirement for the number of
readings is imprecise: ‘Time intervals should be
short enough to get meaningful and reliable results
at day and during night-time’ [100]. Finally, the
EMA requirements should be specific and stipulate
detailed recommendations for performing ABPM in
clinical trials, such as the frequency of measure-
ments, the time of commencement and termination
of ABPM, the relationship of measurements to drug
ingestion, the ABPM levels in the 24-h windows, the
minimum number of measurements in each win-
dow, the provision of time-weighted means, the
number of consecutive measurements that can be
missed, and the method of demarcating day and
night-time periods [3]. The dabl� ABPM system has
been modified to provide real-time analysis of ABPM
in an ambulatory substudy within phase III multi-
centre clinical trials providing features that include
separate viewing and editing facilities for investiga-
tors, monitors and supervisors, full multi-centre
support allowing investigators to access data relat-
ing to their specific centre, with monitors and
supervisors having access to data from all centres,
provision of audit and progress reports to assist
monitors to check data, validation of all ABPMs and
comprehensive export of ABPM raw data and statis-
tics.

ABPM to demonstrate outcome

Ambulatory blood pressure measurement has been
used as a marker of cardiovascular morbidity and
mortality inanumberofmajorstudies toprovidedata
on the effect of antihypertensive drug medication on
outcome that cannot be provided by conventional BP
measuring techniques [101–105]. This has been
because of the evidence from a number of studies
showingnotonly thatABPMparametersmaybemore
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accurate predictors of cardiovascular risk but that
optimal antihypertensive therapy should provide BP
control over the full24-hperiodand that control ofBP

may be particularly relevant in certain periods of the
24-h profile, such as in the nocturnal and matinal
windows [14, 46, 62, 106–111]. However, as with

Table 2 Clinical trials of antihypertensive drug efficacy in 2010 using ambulatory blood pressuremeasurement and conventional

bloodpressuremeasurement (CBPM)

Study Conclusion

Valsartan ⁄hydrochlorothiazideandamlodipine ⁄

hydrochlorothiazide instage2hypertensionbyethnicity: the

EVALUATEstudy [88]

CBPMfailed toshowadifference in treatmentresponse

related toethnicity thatwasevidentwithambulatoryblood

pressuremeasurement (ABPM)

Amlodipineandangiotensin-convertingenzymeinhibitor

combinationversusamlodipinemonotherapy in

hypertension:ameta-analysisof randomizedcontrolled

trials [89]

ABPMshowedsuperior reduction inbloodpressure (BP) for

combination treatmentover the full24-hperiodbutnot

during the troughperiod

Efficacyofamlodipineandolmesartanmedoxomil inpatients

withhypertension: theAZORTrialEvaluatingBlood

PressureReductionsandControl (AZTEC)study [90]

StudyconfirmedCBPMreductionbut inadditionshowed

reductionthroughout24-hperiod

Divergent resultsusingclinicandambulatoryblood

pressures.Reportofadarusentan–resistanthypertension

trial [91]

ABPMshowedreduction insystolicbloodpressure (SBP)over

24hthatwasnotevidentwithCBPM

Effectsof telmisartanandamlodipine incombinationon

ambulatorybloodpressure instages1–2hypertension [92]

ABPMshowedsuperiorityofcombination therapyover

monotherapythroughout24-hperiod.Ofnote,25%of

ABPMsfailed

Efficacyandtolerabilityofolmesartan ⁄amlodipine

combination therapyinpatientswithmild-to-severe

hypertension: focuson24-hbloodpressurecontrol [93]

ABPMshowedthatolmesartan ⁄amlodipinecombination is

associatedwitheffectiveandsmooth24-h

BPcontrol,particularlyduring thefinalhoursofdosing, in

patientswithmoderate-to-severehypertension

Isvery lowdosehydrochlorothiazidecombinedwith

candesartaneffective inuncontrolledhypertensivepatients?

[94]

ABPMshowedreductions inBPinwindowsof24-hperiod

Antihypertensiveefficacyandsafetyofolmesartanmedoxomil

andramipril inelderlypatientswithmild-to-moderate

essentialhypertension: theESPORTstudy [95]

CBPMcontrol obtainedwitholmesartanwasconfirmedwith

24 hABPMbut inaddition theantihypertensiveeffectof

olmesartanwasshowntobesmootherandmore long lasting

thanthatof ramipril, this ensuringbetter control ofBP

variabilityand24-hcontrol in thehours farthest fromthe

lastdrug intake

Ofnote is the fact that23%ofABPMsfailed

BloodpressurereductionwithLCZ696,anoveldual-acting

inhibitorof theangiotensin II receptorandneprilysin:a

randomized,double-blind,placebo-controlled,active

comparatorstudy [96]

Differencesof effectofLCZ696onSBPespeciallyatnightwere

shownthatwerenotevidentwithCBPM,andthis important

findingsuggests that thedrugmightbeparticularlyuseful in

treating isolatedsystolichypertensionespeciallyatnight

Theefficacyandsafetyof irbesartan inprimaryhypertension

evenifadose ismissed: results fromtheNOPROBLEM

Study [97]

Systolic,diastolicandmeanABPMvaluesbeforeandonthe

dayofamisseddosedidnotdiffersignificantly
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pharmacological trials, the use of ABPM has been
tentative and complimentary to conventional BP,
rather than being the methodology of choice. As a
consequence, ancillary studies using ABPM have
often enrolled small numbers that are unrepresenta-
tive of themain study population or they lack a base-
line ABPM, making it impossible to determine the
transition from no treatment at baseline to the effect
of full-dose medications and thereby limiting greatly
the conclusions of the ancillary studies [112]. The
major outcome studies that had ABPM ancillary
studies are listed in Table 3 [14, 59, 62, 103–105,
113–118]. These studies provide awealth of informa-
tion the analysis of which is beyond the scope of this
reviewbut,whatever the strengthsandshortcomings
of these studiesmaybe, onemessage emerges clearly
and that is the superiority of nocturnal blood pres-
sure, whether it be the nondipping or morning surge
pattern or both, in predicting outcome. Indeed, con-
sidering the large cost of outcome studies, it is diffi-
cult tounderstandwhyABPMwith real-timeanalysis
is not employed as the primary method of measure-
ment soas toallowassessment of the true value ofBP
loweringacross thewindowsof the24-hprofile inpre-
venting cardiovascular outcome. If an example was
needed to emphasize this point, we need look no fur-
ther than theHeart Outcomes Prevention Evaluation
(HOPE study) study. In the main study, treatment
with the angiotensin-converting enzyme (ACE) inhib-
itor ramipril induced an insignificant reduction inBP
of 3 ⁄2 mmHg, andbased on these findings, the bene-
ficial outcome on CV morbidity and mortality
(approximately 35% fewer CV deaths) was attributed
to ACE inhibition, which was recommended in all
high-risk patients regardless of baseline BP [101].
However, when the ABPM substudy was analysed
some considerable time later [113], it became evident
that ramipril rather than inducing an ‘insignificant
reduction’ had effected a ‘whopping’ 17 ⁄8 mmHg
reduction in BP during the night-time period, which
translated into a 10 ⁄4 mmHg average reduction in
BPover the entire 24-h period [119]. The limitation of
relying on conventional measurement is further
emphasized in the HOPE study by the fact that the
methodology of clinic BPmeasurementwas poor and
ramipril had been ingested in the evening with clinic
BP measured some 10–14 h later the following day.
The conflicting data provided by the main HOPE
studyandby theHOPE-ABPmonitoring substudyon
the role of BP reduction in explaining the reduced
event rates associated with treatment by ACE inhibi-
tors are a clear exampleof the importance of perform-
ing ABP monitoring in trials on cardiovascular pro-
tection [77].

Generally, ancillary ABPM studies in major outcome
studies have shown that the ABPM predicts outcome
better thanconventionalBP, that thenight-timeBPis
more predictive than the daytime, and that clinic BP
measurement is invariably higher than ABPM
becauseofawhite-coat reactionwith the formermea-
surement, which is absent with ABPM. Indeed,
whereas a white-coat effect is common in hyperten-
sivepatients,ABPMmayshowthatpatients recruited
for outcome studies based on clinic BPhave ambula-
torynormotension, i.e.white-coathypertension.This
eventuality cannot be avoided even if a high office BP
is made a requirement for recruitment, but most
importantly, as has been pointed out by Mancia and
his colleagues, because patients exhibiting this phe-
nomenon may have a better prognosis than patients
with both clinic and ambulatory hypertension, their
inclusion in outcome studies may affect the number
of morbid and fatal events and thereby confound the
power calculations on which the study size is calcu-
lated [104].

Conclusion

Conventional clinicBPmeasurement is influencedby
many factors, which limit the applicability of this
technique for research into drug efficacy, but, more
importantly, clinic BP measurement cannot provide
a comprehensive assessment of duration of effect or
of the effect of antihypertensive drugs on nocturnal
BP. Home measurement of BP, although useful in
assessing BP control in clinical practice, is not as
informative as ABPM and cannot provide nocturnal
pressures. Thebenefits ofABPMin the assessment of
the efficacy of drug treatment are now so well estab-
lished that its use should be mandatory in all phar-
macological trialsofantihypertensivedrugefficacy. It
is not within the scope of this review to provide the
details as to how each and every type of clinical trial
might incorporate ABPM but rather to illustrate the
feasibility ofutilizingABPM inclinical trialsofantihy-
pertensive medication. This review has shown the
advantages of ABPM in studies of antihypertensive
drug efficacy when the following basic facilities are
available: (i) the capability of assimilating a number
of parameters over the 24-h period and also within
thewindowsof the24-hperiodsoas toprovideacom-
prehensive analysis of clinic and ABPM parameters;
(ii) provision of real-time data to alert the investigator
to the validity or otherwise of the ABPM recordings;
(iii) organizationofABPMdatasoas topermitongoing
analysis; (iv) flexibility of the system so that it can be
adapted to provide for the complexity of pharmaco-
logical studiesofdifferingdesign.
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Supporting Information

Additional Supporting Information may be found in
theonlineversionof thisarticle:

Figure S1. White coat effect. The ABPM shows mild
daytime systolic hypertension (150 mmHg), border-
line daytime diastolic hypertension (87 mmHg),
borderline night-time systolic hypertension (123
mmHg) and normal night-time diastolic blood pres-
sure (DBP; 68 mmHg) with a white-coat effect
(187 mmHg ⁄104 mmHg).NormalDippingpattern.

Figure S2. Systo-diastolic hypertension. The
ABPMshowssevere24-hsystolicanddiastolichyper-
tension (209 mmHg ⁄135 mmHg daytime, 205
mmHg ⁄130 mmHgnight-time).Non-dippingpattern.

Figure S3. Isolated systolic hypertension. The ABPM
shows severe daytime isolated systolic hypertension
(176 mmHg ⁄68 mmHg), severe night-time systolic
hypertension (169 mmHg) and borderline night-time
masked diastolic hypertension (70 mmHg). Non-dip-
pingpattern.

Figure S4. Masked hypertension. Normal clinic BP.
The ABPM shows mild 24-h isolated systolic hyper-
tension (143 mmHg ⁄69 mmHg daytime,
128 mmHg ⁄64 mmHg night-time) with a white-coat
effect (161 mmHg ⁄80 mmHg).SBPdippingpattern.

Figure S5. Ambulatory hypotension. ABPM shows
lowdaytimesystolicandDBP(100 mmHg ⁄59mmHg)
andmoderatenight-timesystolicanddiastolichyper-
tension (146 mmHg ⁄89 mmHg) with a white-coat
effect (181 mmHg ⁄102 mmHg). Reverse dipping
pattern.

Figure S6. Siesta dipping. The ABPM shows mild
daytime systolic and diastolic hypertension (152
mmHg ⁄94 mmHg), optimal night-time systolic
blood pressure (111 mmHg) and normal night-time
DBP (66 mmHg) with a white-coat effect
(158 mmHg ⁄90 mmHg). Measurements taken dur-
ing the siesta are not included in these averages.
Extreme dipping pattern.
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Figure S7. Isolated diastolic hypertension. The
ABPMshowsmild24-h isolateddiastolic hypertension
(134 mmHg ⁄93 mmHg daytime, 118 mmHg ⁄
76 mmHg night-time) with a white-coat effect
(157 mmHg ⁄102 mmHg).Normaldippingpattern.

Figure S8. Nocturnal dipping. The ABPM shows
severe 24-h systolic hypertension (181 mmHg day-
time, 153 mmHgnight-time) andmoderate 24-h dia-
stolic hypertension (107 mmHg daytime, 96 mmHg
night-time).Normaldippingpattern.

Figure S9.Nocturnal non-dipping. The ABPMshows
moderate daytime systolic hypertension (164 mmHg),
severe daytime diastolic hypertension (112 mmHg)
andseverenight-timesystolicanddiastolichyperten-
sion (157 mmHg ⁄101 mmHg)withawhite-coat effect
(181 mmHg ⁄134 mmHg).DBPdippingpatternonly.

Figure S10. Reverse dipping. The ABPM shows
normal daytime blood pressure (123 mmHg ⁄
71 mmHg), moderate night-time systolic hyperten-
sion (141 mmHg) and mild night-time diastolic
hypertension (85 mmHg) with a white-coat effect
(148 mmHg ⁄91 mmHg).Reversedippingpattern.

Figure S11.Extreme dipping. The ABPM showsmild
daytime isolated systolic hypertension (146 mmHg ⁄

77 mmHg) and normal night-time blood pressure
(114 mmHg ⁄51 mmHg) with a white-coat effect
(212 mmHg ⁄109 mmHg).Extremedippingpattern.

Figure S12. Isolated nocturnal hypertension. The
ABPM shows mild daytime isolated systolic hyper-
tension (142 mmHg ⁄83 mmHg), severe night-time
systolic hypertension (168 mmHg) and moderate
night-time diastolic hypertension (91 mmHg) with a
white-coat effect (159 mmHg ⁄93 mmHg). Reverse
dippingpatternandmorningsurge.

Figure S13.Morning surge. The ABPM shows severe
daytime systolic hypertension (183 mmHg), moder-
ate daytime diastolic hypertension (109 mmHg) and
moderate night-time systolic and diastolic hyper-
tension (142 mmHg ⁄94 mmHg). Normal dipping
pattern.

Please note: Wiley-Blackwell are not responsible for
the content or functionality of any supportingmateri-
als supplied by the authors. Any queries (other than
missing material) should be directed to the corre-
spondingauthor for thearticle.
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SUPPLEMENTARY	  ILLUSTRATIONS	  -‐	  HYPERLINKS	  
	  
Hyperlink	   1.	   White	   coat	   effect.	   The	   ABPM	   shows	   mild	   daytime	  
systolic	   hypertension	   (150	   mmHg),	   borderline	   daytime	   diastolic	  
hypertension	   (87	   mmHg),	   borderline	   night-‐time	   systolic	  
hypertension	   (123	  mmHg)	   and	   normal	   night-‐time	   diastolic	   blood	  
pressure	   (68	   mmHg)	   with	   a	   white-‐coat	   effect	   (187	   mmHg/104	  
mmHg).	  Normal	  Dipping	  pattern.	  	  
 
 
 
 
	  
	  
	  
	  
	  
	  
Hyperlink	  2.	  Systo-‐diastolic	  hypertension.	  The	  ABPM	  shows	  severe	  
24-‐hour	  systolic	  and	  diastolic	  hypertension	  (209	  mmHg/135	  mmHg	  
daytime,	  205	  mmHg/130	  mmHg	  night-‐time).	  Non-‐dipping	  pattern.	  	  
 
 
 
 
 
 
 
	  
	  
	  
	  
	  
Hyperlink	   3.	   Isolated	   systolic	   hypertension.	   The	   ABPM	   shows	  
severe	   daytime	   isolated	   systolic	   hypertension	   (176	   mmHg/68	  
mmHg),	   severe	   night-‐time	   systolic	   hypertension	   (169	  mmHg)	   and	  
borderline	   night-‐time	  masked	   diastolic	   hypertension	   (70	  mmHg).	  
Non-‐dipping	  pattern.	  
	  
 
 
 
 
 
 
 
	  
Hyperlink	  4.	  Masked	  hypertension.	  The	  ABPM	  shows	  mild	  24-‐hour	  
isolated	  systolic	  hypertension	  (143	  mmHg/69	  mmHg	  daytime,	  128	  
mmHg	   /	   64	   mmHg	   night-‐time)	   with	   a	   white-‐coat	   effect	   (161	  
mmHg/80	  mmHg).	  SBP	  dipping	  pattern.	  
	  
	  
	  



	  
	  
	  
	  
	  
	  
	  
Hyperlink	   5.	   Ambulatory	   hypotension.	   ABPM	   shows	   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.	  
	  
	  
	  
	  
	  
	  
Hyperlink	  6.	  Siesta	  dipping.	  The	  ABPM	  shows	  mild	  daytime	  systolic	  
and	  diastolic	  hypertension	   (152	  mmHg/94	  mmHg),	  optimal	  night-‐
time	   systolic	   blood	   pressure	   (111	   mmHg)	   and	   normal	   night-‐time	  
diastolic	  blood	  pressure	   (66	  mmHg)	  with	  a	  white-‐coat	  effect	   (158	  
mmHg	  /	  90	  mmHg).	  Measurements	  taken	  during	  the	  siesta	  are	  not	  
included	  in	  these	  averages.	  Extreme	  dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	  7.	  Isolated	  diastolic	  hypertension.	  The	  ABPM	  shows	  mild	  
24-‐hour	   isolated	   diastolic	   hypertension	   (134	   mmHg/93	   mmHg	  
daytime,	  118	  mmHg/76	  mmHg	  night-‐time)	  with	  a	  white-‐coat	  effect	  
(157	  mmHg/102	  mmHg).	  Normal	  dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	   8.	  Nocturnal	   dipping.	   The	  ABPM	   shows	   severe	   24-‐hour	  
systolic	  hypertension	  (181	  mmHg	  daytime,	  153	  mmHg	  night-‐time)	  
and	  moderate	  24-‐hour	  diastolic	  hypertension	  (107	  mmHg	  daytime,	  
96	  mmHg	  night-‐time).	  Normal	  dipping	  pattern.	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	   9.	   Nocturnal	   non-‐dipping.	   The	   ABPM	   shows	   moderate	  
daytime	   systolic	   hypertension	   (164	   mmHg),	   severe	   daytime	  
diastolic	  hypertension	   (112	  mmHg)	  and	  severe	  night-‐time	  systolic	  
and	  diastolic	  hypertension	  (157	  mmHg	  /	  101	  mmHg)	  with	  a	  white-‐
coat	  effect	  (181	  mmHg	  /	  134	  mmHg).	  DBP	  dipping	  pattern	  only.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	  10.	  Reverse	  dipping. The	  ABPM	  shows	  normal	  daytime	  
blood	   pressure	   (123	   mmHg/71	   mmHg),	   moderate	   night-‐time	  
systolic	   hypertension	   (141	   mmHg)	   and	   mild	   night-‐time	   diastolic	  
hypertension	  (85	  mmHg)	  with	  a	  white-‐coat	  effect	  (148	  mmHg/	  91	  
mmHg).	  Reverse	  dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	   11.	   Extreme	   dipping. The	   ABPM	   shows	   mild	   daytime	  
isolated	   systolic	   hypertension	   (146	  mmHg/77	  mmHg)	   and	  normal	  
night-‐time	   blood	   pressure	   (114	   mmHg/51	   mmHg)	   with	   a	   white-‐
coat	  effect	  (212	  mmHg/109	  mmHg).	  Extreme	  dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



Hyperlink	   12.	   Isolated	   nocturnal	   hypertension. The	   ABPM	  
shows	   mild	   daytime	   isolated	   systolic	   hypertension	   (142	  
mmHg/83	   mmHg),	   severe	   night-‐time	   systolic	   hypertension	  
(168	  mmHg)	   and	  moderate	   night-‐time	   diastolic	   hypertension	  
(91	   mmHg)	   with	   a	   white-‐coat	   effect	   (159	   mmHg/93	  mmHg).	  
Reverse	  dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Hyperlink	  13.	  Morning	  surge. The	  ABPM	  shows	  severe	  daytime	  
systolic	  hypertension	  (183	  mmHg),	  moderate	  daytime	  diastolic	  
hypertension	   (109	   mmHg)	   and	   moderate	   night-‐time	   systolic	  
and	   diastolic	   hypertension	   (142	  mmHg	   /	   94	  mmHg).	   Normal	  
dipping	  pattern.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

[All	  plots	  and	  reports	  generated	  by	  dabl	  ABPM—©	  dabl	  2010	  (www.dabl.ie)]	  
	  
	  
	  
	  
	  
 
 


