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Use of ambulatory blood pressure measurement
in the definition of resistant hypertension:
a review of the evidence

Alexandre Persu1,2, Eoin O’Brien3 and Paolo Verdecchia4

Resistant hypertension as defined by the European Society of Hypertension and American Heart Association is a blood pressure

that remains uncontrolled despite concomitant intake of at least three antihypertensive drugs (one of them preferably being a

diuretic) at full doses. This definition is still based on office rather than out-of-office blood pressure measurement. In this

review we propose a new, stricter definition of resistant hypertension based on ambulatory blood pressure measurement. The

main arguments in favor of this are: (1) in patients with resistant hypertension, ambulatory blood pressure is an independent

predictor of cardiovascular morbidity whereas, after adjustment for conventional risk factors, conventional blood pressure has

little added value; (2) white-coat resistant hypertension (uncontrolled office with normal ambulatory blood pressure) is frequent

(30–40% of patients with apparently resistant hypertension) carrying a prognosis similar to that of controlled hypertension, and

intensification of blood pressure lowering treatment, or the use of nondrug treatment strategies such as renal denervation or

carotid baroreceptor stimulation, is not justified; (3) masked resistant hypertension (controlled office with elevated ambulatory

blood pressure) is frequent (approximately one-third of patients with controlled office blood pressure on triple antihypertensive

therapy) and associated with an increased risk of cardiovascular events; in such patients, treatment intensification should

be considered; (4) the current definition of resistant hypertension (office blood pressure X140/90mmHg on triple

antihypertensive therapy) allows a substantial proportion of patients with spurious or white-coat resistant hypertension to

undergo renal denervation in the absence of proven long-term benefits.
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INTRODUCTION

Resistant hypertension (RHT) is a clinical situation in which blood
pressure remains uncontrolled despite concomitant intake of at least
three antihypertensive drugs (one of them preferably being a diuretic)
at full doses.1 According to the American Heart Association,2 patients
who require four drugs or more to have their blood pressure
controlled are also considered as resistant. Depending on the
populations studied and applied methods and definitions, the
prevalence of RHT varies between 3 and 30% of the hypertensive
population,3,4 with figures of o10% probably representing the true
prevalence.1 The diagnosis of RHT has important clinical
implications, as patients with RHT more frequently present with
secondary causes of hypertension,5 more severe target organ damage6

and increased risk of cardiovascular complications and death.7

Besides lifestyle and drug treatment optimization, alternative
non-drug approaches such as renal sympathetic denervation8 and
carotid baroreceptor stimulation9 have been recently proposed for the

management of RHT. These new developments have put RHT to the
forefront of the hypertension scene and raised controversies on the
diagnosis and management of this subset of difficult-to-treat
hypertensive patients.10–12 In particular, although some authors
have stressed the importance of inclusion of out-of-office blood
pressure measurements in the definition of RHT,10,13 recent guidelines
such as those of the European Society of Hypertension1 are still based
on office blood pressure measurement.
Compared with office measurement, ambulatory blood pressure

measurement (ABPM) removes observer bias and measurement error,
minimizes the white-coat effect and has greater reproducibility, and
therefore provides a better estimate of a patient’s usual blood pressure
and cardiovascular prognosis.14–16 Self-measurement of blood
pressure at home offers several of the well-recognized advantages of
the more complex approach of ambulatory monitoring but it does
not provide nocturnal blood pressure measurement.17,18 Current
guidelines1,16,18,19 recommend one of these out-of-office modalities
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of automated blood pressure measurement as state-of-the-art
modality in the management of hypertensive patients. Indeed, the
case should be even more persuasive for RHT.
In order to address this important issue, this review summarizes

current knowledge about the added value of out-of-office blood
pressure measurement, and in particular ABPM in the specific context
of RHT. In particular, it addresses the following questions: (1) what is
the prevalence of white-coat and masked RHT?; (2) has white-coat
RHT a different prognosis from RHT confirmed by ABPM?; (3) does
ABPM improve risk stratification and prediction over and above
conventional blood pressure in RHT?; and (4) are there reliable
alternatives to ABPM to differentiate white-coat from true RHT?

WHAT IS THE PREVALENCE OF WHITE-COAT AND MASKED

RHT?

White-coat RHT, defined as uncontrolled office blood pressure
despite intake of at least three antihypertensive drugs but normal
ambulatory blood pressure, has been diagnosed in 20 to 40% of
patients with apparently RHT.20–24 In a large Spanish ABPM registry
of treated hypertensive patients (n¼ 68 045),6 37.5% of 8295 patients
with apparently RHT had normal 24-h ABPM (o130/80mmHg).
According to a recent update of the same database25 (14 461 patients
with RHT, including patients on 4 antihypertensive drugs or more,
irrespective of office blood pressure values), the proportion of patients
with white-coat RHT was 40.1% according to 24-h blood pressure
criteria (o130/80mmHg), 47.3% by daytime blood pressure criteria
(o135/85mmHg) and 33.4% by nighttime blood pressure criteria
(o120/70mmHg). In the same study,25 the prevalence of masked
RHT (uncontrolled ambulatory blood pressure despite concomitant
intake of three antihypertensive drugs, but controlled office blood
pressure) was 31.0%, for 24-h, 23.6% for diurnal and 41.7% for
nocturnal pressures.

Conclusion
The prevalence of white-coat RHT is in the range of 35–40%. Masked
RHT is less studied but may be observed in one-third of hypertensive
patients with office blood pressure controlled while on three
antihypertensive drugs or more.

HAS WHITE-COAT RHT A DIFFERENT PROGNOSIS FROM RHT

CONFIRMED BY ABPM?

Several cross-sectional studies have shown a higher prevalence of
target organ damage in patients with white-coat vs. true RHT (that is,
elevated office and 24-h ambulatory blood pressure). In a cohort of
286 patients with RHT, patients with true RHT (n¼ 161) suffered
more often from nephropathy (40.1 vs. 23.9%, P¼ 0.007) and tended
to have more left ventricular hypertrophy (83.3 vs. 76.3, P¼ 0.05)
than their counterparts with white-coat RHT (n¼ 125).26 In the
Spanish ABPM registry,6 patients with RHT confirmed by ABPM had
a worse cardiovascular risk profile, including higher proportions of
smokers (15% vs. 10%), diabetics (35% vs. 28%), left ventricular
hypertrophy as detected by electrocardiogram (19% vs. 14%),
microalbuminuria (30% vs. 20%) and previous cardiovascular
disease (19% vs. 16%; all comparisons Po0.001). In multivariable
analysis, true RHT was associated with younger age, male sex, longer
duration of hypertension, smoking, diabetes, elevated plasma
creatinine and a history of previous cardiovascular disease (Po0.05).6

Although cross-sectional studies suggest a higher risk of true vs.
white-coat RHT, a definitive figure is dependent on data from
prospective studies. Pierdomenico et al.27 evaluated the incidence of
cardiovascular events in 742 treated hypertensive patients (340 with

controlled hypertension according to both office and ABPM, 126 with
masked hypertension, 146 with white-coat RHT and 130 with true
RHT). In agreement with previous studies, at baseline, prevalence of
left ventricular hypertrophy, diabetes, heavy smokers (X20 cigarettes/
day) and serum creatinine levels were higher in patients with true
RHT compared with controlled and white-coat resistant
hypertension. During the follow-up period (4.98±2.9 years), 109
patients reached the primary composite end point. The event rate per
100 patient-years in subgroups with controlled, masked, white-coat
resistant and true RHT was 0.87, 2.42, 1.2 and 4.1, respectively
(Figure 1). After adjustment for several covariates, including conven-
tional blood pressure, the incidence of cardiovascular events was
significantly higher in masked hypertension (relative risk: 2.28,
Po0.05) and in true RHT (2.94, Po0.05) vs. controlled hyperten-
sion, whereas there was no significant difference between white-coat
RHT and controlled hypertension.27

In a prospective study of 436 hypertensive patients with chronic
kidney disease stages II to V (mean estimated glomerular filtration
rate: 43mlmin�1 per 1.73m2) attending 4 outpatients nephrology
clinics in Italy,28 four groups were defined by combining ABPM data
with diagnosis of RHT (office blood pressure X130/80mmHg,
despite prescription of X3 full-dose antihypertensive drugs
including a diuretic or X4 drugs): controlled (27.1%, 24h-ABPM

Figure 1 Event-rates per 100 patients-years (pt-yrs) (top) and event-free

survival curves (bottom) in subjects with responder, masked, false (white-

coat) resistant hypertension and true resistant hypertension (taken from

Pierdomenico et al.27 with permission).
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o125/75mmHg without RHT); white-coat RHT (7.1%; 24h-ABPM
o125/75mmHg with RHT); sustained hypertension (42.9%, 24h-
ABPM X125/75mmHg without RHT); and true resistance (22.9%,
24h-ABPM X125/75mmHg with RHT). Significant baseline
correlates of true RH were diabetes (odds ratio: 2.84, 95%
confidence interval (CI): 1.68–4.77), left ventricular hypertrophy
(odds ratio: 2.32, 95% CI: 1.23–4.38), higher proteinuria levels
(odds ratio: 2.31, 95% CI: 1.49–3.58) and poor adherence to low-
salt diet (odds ratio: 2.15, 95% CI: 1.06–4.38).28 End points of
survival analysis were renal (end-stage renal disease or death) and
cardiovascular events (fatal and nonfatal cardiovascular event). Over
57 months of median follow-up, 109 cardiovascular events and 165
renal events occurred. Compared with controlled patients, the hazard
ratios of cardiovascular (1.98; 95% CI: 1.14–3.43) and renal events
(2.66; 95% CI: 1.62–4.37) were significantly increased in patients with
true RHT, but not in the subset with white-coat RHT. The hazard
ratio of sustained hypertension was significantly increased for renal
(hazard ratio: 2.14; 95% CI: 1.35–3.40) but not cardiovascular
events.28

Conclusion
Compared with white-coat RHT, true RHT is more frequently
associated with other cardiovascular risk factors and target organ
damage. Furthermore, true RHT is an independent predictor of
cardiovascular and renal morbidity, whereas the prognosis of white-
coat RHT does not differ from that of controlled hypertension. In
contrast, masked RHT is associated with an increased risk of
cardiovascular and renal events.

DOES ABPM IMPROVE RISK STRATIFICATION AND

PREDICTION OVER AND ABOVE CONVENTIONAL BLOOD

PRESSURE IN RHT?

Redon et al.29 prospectively followed 86 essential hypertensive patients
whose diastolic blood pressure remained 4100mmHg on triple
antihypertensive therapy including a diuretic for a median duration of
49 months (range: 6–96). End-organ damage and cardiovascular
events were monitored yearly and incorporated in a score of
cardiovascular damage. Patients were divided into tertiles of average
diastolic blood pressure according to ABPM, with the lowest tertile
o88mmHg, the middle tertile 88–97mmHg (and the highest tertile
497mmHg. A progression in the end-organ damage score was
observed for the highest tertile group but not for the two other
groups. Twenty-one patients had a new cardiovascular event; the
incidence of events was significantly lower for the lowest tertile group
(2.2 per 100 patient-years) than it was for the middle tertile group
(9.5 per 100 patient-years) or for the highest tertile group (13.6 per
100 patient-years). The probability of event-free survival was also
significantly different when comparing the lowest tertile group with
the other two groups. Belonging to the highest blood pressure tertile
was an independent risk factor for the incidence of cardiovascular
events (relative risk, 6.20; 95% CI: 1.38–28.1; Po0.02).29

Salles et al.22 prospectively followed 556 apparently RHT patients
for a median of 4.8 years. Of these patients, 109 (19.6%) reached the
primary end point, and 70 all-cause deaths (12.6%) occurred (46 had
cardiovascular causes). After adjustment for sex, age, body mass
index, diabetes mellitus, smoking, physical inactivity, dyslipidemia,
previous cardiovascular diseases, serum creatinine level and number
of antihypertensive drugs, no office blood pressure showed any
prognostic value. After adjustment for the same variables and office
blood pressure, higher mean ambulatory blood pressures were
independent predictors of the composite end point. The hazard

ratios associated with a 1-s.d. increment in daytime and nighttime
systolic blood pressure were 1.26 and 1.38, respectively; the
corresponding values for diastolic blood pressure were 1.31 and
1.36.22 In agreement with previous studies,27 the diagnosis of true RH
was an independent predictor of the composite end point (fully
adjusted hazard ratio of 2.11) but also of all-cause mortality (hazard
ratio of 2.0). Finally, on Kaplan–Meier analysis, the diagnosis of true
or white-coat RH distinguished two subgroups of patients with
significantly different prognoses regarding the occurrence of any
cardiovascular event (Figure 2) and of all-cause and cardiovascular
mortalities.22 Ambulatory systolic and diastolic blood pressure values
were equivalent predictors, and nighttime blood pressure was
superior to daytime blood pressure.22

Conclusion
In patients with RHT, higher ambulatory blood pressures were
associated with an increased risk of cardiovascular morbidity. After
adjustment for sex, age and conventional risk factors, office blood
pressure had no predictive value whatsoever in patients with RHT.

ARE THERE RELIABLE ALTERNATIVES TO ABPM TO

DIFFERENTIATE WHITE-COAT FROM TRUE RHT?

Based on previous knowledge on the demographic characteristics and
risk profile of patients with RHT confirmed by ABPM, Muxfeldt
et al.21 developed a scoring system likely to detect true RHT without
use of out-of-office blood pressure measurement. Despite a high
positive predictive value (90%), the latter could not be recommended
for clinical practice because of a low sensitivity (32%) and high rate of
misclassification (40%).30 Given its wider availability, acceptability
and lower cost, home blood pressure measurement may appear to be
a reasonable alternative to ABPM. However, despite improving
technology to provide nocturnal blood pressure,31,32 the technique
generally does not provide a measure of nighttime blood pressure,
which has a higher predictive value than daytime blood pressure, both
in the general population16 and in RHT.22

Figure 2 Kaplan–Meier estimates of incident total fatal and nonfatal

cardiovascular event curves in patients grouped according to ambulatory

blood pressure monitoring diagnosis of true or white-coat resistant

hypertension (RH) (taken from Salles et al.22 with permission).
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In a Japanese cohort including 528 patients taking three or more
antihypertensive drugs assessed by conventional and home blood
pressure measurement,33 white-coat RHT (office blood pressure
X140/90mmHg; home blood pressure o135/85mmHg) was
found in 16.1% of patients and masked RHT (office blood pressure
o140/90mmHg; home blood pressure X135/85mmHg) in 23.5%.
Unfortunately however, ABPM data were not available. Only two
studies34,35 compared the relative performance of both home and
ABPM out-of-office blood pressure measurements. In the first studt,34

a small cohort including 51 RHT patients, reasonable correlations
were found between daytime ambulatory blood pressure and home
systolic and (r¼ 0.70) and diastolic blood pressure (r¼ 0.69). The
second study35 included 73 patients on stable treatment with three or
more antihypertensive drugs. Uncontrolled blood pressure was
defined as blood pressure X140/90mmHg for office blood pressure
and blood pressure X135/85mmHg for daytime ABPM and home
blood pressure. Both out-of-office blood pressure methods agreed on
the diagnosis of truly resistant, white-coat and masked RHT in 74%
(k: 0.46), 82% (k: 0.59) and 71% (k: 0.56) of cases, respectively.
Compared with ABPM, the specificity of home blood pressure for the
detection of white-coat RHT was high (93%) but the sensitivity was
unacceptably low (63%). Notably, in these two studies, home blood
pressure was compared with daytime ambulatory blood pressure.
Correlations between home and 24h-ambulatory blood pressure,
which is used for the definition of white-coat and masked
hypertension, would probably prove even weaker, further limiting
the value of home blood pressure in assessing RHT. Finally, the
predictive value of home blood pressure has not been studied in
patients with RHT.

Conclusion
Attempts to develop a score predicting true RHT without using
out-of-office blood pressure measurements proved unsuccessful.
Home blood pressure measurement is a potential alternative to
ABPM. However, few comparisons have been made between the
relative performance of both out-of-office blood pressure measure-
ments in RHT. Furthermore, home blood pressure does not
incorporate information on nighttime blood pressure and its pre-
dictive value in RHT has not been studied thus far. Therefore, on
current evidence, ABPM remains the gold standard for blood pressure
assessment in RHT.

ABPM IS ESSENTIAL FOR THE DIAGNOSIS AND

MANAGEMENT OF PATIENTS WITH RESISTANT

HYPERTENSION

As shown above, white-coat RHT is frequent6,25 and has a prognosis
similar to that of controlled hypertension.22,27,28 Accordingly, there is
no indication to intensify antihypertensive treatment in patients with
white-coat RHT. In these patients, the use of ABPM may prevent
overtreatment and, consequently, drug adverse effects and poor
adherence to therapy30 and possibly ischemia-induced worsening of
cardiorenal damage.28 ABPM also allows identification of patients
with masked RHT, characterized by a poor cardiovascular
prognosis,27 in whom treatment intensification may be indicated.
Furthermore, ABPM is an independent predictor of cardiovascular
events in RHT, while in the study of Salles et al.,22 office blood
pressure had no predictive value whatsoever. Finally, ABPM provides
important information to guide the time schedule of drug intake in
patients with difficult-to-treat and resistant hypertension36 and to
assess blood pressure control after witnessed drug intake when poor
compliance is suspected.37,38 Accordingly, 13 of 14 international

guidelines issued from 2000 to 2013 agreed on the fact that ABPM
is indicated to identify patients with resistant hypertension.16 In
particular, American19 and European1 hypertension guidelines, as well
as the recent position paper on ABPM issued by the European Society
of Hypertension,16 recognize ‘identification of true and false resistant
hypertension’ as an indication of ABPM and recommend ABPM as an
essential tool in the diagnosis, management and follow-up of patients
with RHT.

EVALUATION OF NEW DRUGS OR INTERVENTIONS IN RHT

SHOULD BE BASED ON AMBULATORY RATHER THAN OFFICE

BLOOD PRESSURE MEASUREMENT

As the prognosis of patients with white-coat RHT is similar to that of
controlled patients without RHT,22,27 it is not justified and even
unethical to include such patients in trials testing new drugs or
interventions in RHT, which will be the case if inclusion is based on
office blood pressure rather than ABPM. In addition, if participants
are enrolled based on office blood pressure influenced by the white-
coat phenomenon, their true (lower) blood pressure values are less
likely to be reduced by the intervention, thereby lessening the
likelihood of finding compelling evidence that the intervention is
effective.39 Finally, using ambulatory rather than office blood pressure
criteria to determine eligibility has the advantage of allowing
inclusion of patients with masked RHT who are currently excluded
from most trials because of controlled office blood pressure, despite
an increased cardiovascular risk.27

Furthermore, as ambulatory but not office blood pressure is an
independent predictor of cardiovascular morbidity in RHT,22 the
primary end point of trials in patients with RHT should be based on
ambulatory and not office blood pressure measurement. This is of
particular importance in observational, nonrandomized trials in order
to limit white-coat effect and observer-related biases. The latter
include the tendency to repeat measures considered erroneously
high in the intervention group, but not in the control group,40 thus
leading to an underestimation of the final blood pressure values in the
intervention group, a phenomenon likely to explain part of the wide
discrepancy between office and ambulatory blood pressure decrease in
renal denervation trials.40

Notably, after a first promising study,41 the development of the
endothelin receptor antagonist Darusentan as an antihypertensive
drug was stopped, because in a second randomized trial,42 it failed to
show superiority over placebo for change in office systolic blood
pressure from baseline to week 14. Nevertheless, the decrease in
ambulatory blood pressure was significant (B�10/�8mmHg)42

and similar to that observed in the pivotal trial.41 The authors
regretted having used office rather than ambulatory blood pressure as
primary end point and stated that ‘future hypertension trials should
seriously consider using change in ambulatory blood pressure, rather
than office blood pressure, as the primary endpoint’.42 Turner and
O’Brien39 made an even stronger statement, saying that ABPM is the
most appropriate and informative methodology and should be
mandatory in all studies testing new drug or nondrug interventions
in RHT, both for patient recruitment and for evaluation of the
intervention’s potential benefits.
The overwhelming evidence in favor of the superiority of ABPM

over office blood pressure, particularly in RHT, did not however deter
the authors of the Symplicity HTN-2 trial,8 choosing office rather
than ambulatory blood pressure measurement as primary end point.
Furthermore, although 15 000 to 20 000 renal denervation procedures
may have been performed worldwide38 and the procedure is
reimbursed in several European countries, mostly based on this
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trial,8 white-coat RHT was not an exclusion criterion, baseline
ambulatory blood pressure values were not reported and
ambulatory blood pressure decrease at 6 months was reported in
o50% of patients.10 Finally, the Symplicity HTN-2 study8 may have
been particularly vulnerable to observer-related bias. Indeed, the
protocol (version 4 April 2009) instructed investigators: (1) to
measure office blood pressure at least 3 times; (2) to take
additional measurements until they were consistent within
5mmHg; (3) and to record three consistent readings on the case
report forms. The number of readings required to reach consistency
and those selected to be recorded on the patient forms (consecutive or
not) are not in the public domain. The number of repetitions might
thus have been different between randomized groups, particularly at
the time of the assessment of the primary end point.10

Subsequent observational trials in renal denervation were also
based on conventional rather than ambulatory blood pressure.43

Ambulatory blood pressure changes after renal denervation were
seldom reported and, when available, not always significant,44 notably
in patients with normal ambulatory blood pressure at baseline.45

Although patients with white-coat RHT are now considered ineligible
for renal denervation according to both European46 and
international47 recommendations, the primary end point of most
ongoing trials, including Symplicity HTN-3 (NCT01418261),48 is still
based on conventional blood pressure.
Similarly, the pivotal trial evaluating the efficacy of carotid

baroreceptor stimulation in RHT9 was focused on conventional
blood pressure and, more than 2 years after publication, ABPM
values remain unpublished. This is a matter of particular concern
in view of the wide discrepancy between office and ambulatory
blood pressure decreases in renal denervation trials (ratio of 30% vs.
an expected 60–70% in drug trials)10,49,50 (Figure 3), likely explained
by an overinflation of conventional blood pressure results reflecting
Hawthorne effect, regression to the mean and observer-related
biases.40

ABPM SHOULD BE INCLUDED IN THE DEFINITION OF

RESISTANT HYPERTENSION

Although the European1 and American2,19 hypertension guidelines
acknowledge the importance of ABPM for the diagnosis, risk
stratification and management of RHT, the definition is still based
on office blood pressure measurement that is not an independent
predictor of cardiovascular events in this condition.22 This leads to the
introduction of confusing entities as ‘apparently resistant’
hypertension, ‘resistant but controlled’ and ‘false’ vs. ‘true resistant’
hypertension13 and, more importantly, to unjustified and potentially
harmful treatment intensification in patients with white-coat RHT
and undertreatment in patients with masked RHT. Furthermore, it
provides an additional justification for manufacturers of renal
denervation systems to support trials with a suboptimal design and
promote further diffusion of the technique in all patients with
uncontrolled blood pressure despite prescription of three
antihypertensive drugs,10,13 in the absence of evidence of long-term
benefits on hard end points. Accordingly, we make a strong statement
in favor of a new, more stringent definition of RHT including out-of-
office blood pressure measurement, preferably ABPM, as is already
the case for the National Institute for Health and Care Excellence
(NICE) guidelines51 and the recent consensus on RHT of the French
Society of Hypertension.52
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