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Abstract Resistant hypertension, commonly described as the
failure to achieve goal blood pressure (BP) despite an appro-
priate regimen of three antihypertensive drugs at the maximal
tolerated doses, one of which is diuretic, is increasingly rec-
ognized as an important problem of public health. Large pop-
ulation studies with office measurements suggest that the
prevalence of resistance hypertension is approximately at 6–
12 % of the general hypertensive population and 8–28 % of
treated hypertensives. However, these estimations do not take
into account factors of pseudo-resistance, most importantly,
the white-coat effect that can be effectively ruled out with
ambulatory blood pressure monitoring (ABPM). Recent stud-
ies have clearly shown that when ABPM is used, at least 30–
35 % of patients labeled as Bresistant hypertensives^ turn out
to have well-controlled BP on ambulatory basis, a finding
changing entirely the estimates of prevalence of resistance
hypertension and actual patient handling. Furthermore, cur-
rent evidence suggests that ABPM is a much more accurate
predictor of cardiovascular events in resistant hypertension
compared to office BP and thus can offer a better risk stratifi-
cation for these high-risk individuals. Finally, ABPM offers
the potential of a better evaluation of the effect of

pharmacologic and non-pharmacologic therapeutic interven-
tions. This review attempts to summarize recent evidence on
the advantages of ABPM in the diagnosis, prognosis, and
management of resistant hypertension.
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Introduction

Hypertension is a leading cause of cardiovascular morbidity
and mortality accounting for 49 % of ischemic heart disease,
69 % of cerebrovascular disease, and 7.1 million deaths per
year worldwide [1–3]. The independent and continuous rela-
tionship of hypertension with incident cardiovascular events
along with its prevalence at 25–30 % of the adult population,
render high blood pressure (BP) the most important modifi-
able cardiovascular risk factor [4–6] and therefore a major
issue of public health. Although awareness and treatment of
hypertension have improved over the years, the rates of con-
trol in the general hypertensive population remain unaccept-
ably low, i.e., below 20–30% in manyWestern countries, with
few exceptions in countries that implemented targeted public
health programs aiming at improving hypertension care [7–9].
Of note, an important proportion of the hypertensive popula-
tion cannot achieve adequate BP control even when treated
with three or more antihypertensive medications. These indi-
viduals currently fall within the diagnosis of Bresistant
hypertension^ [4, 10, 11], an entity recently reported to have
a prevalence between 6–12 % of the hypertensive population
and 8–28 % among treated hypertensive patients [12••, 13].

A cluster of lifestyle parameters, biologic factors, and other
associated conditions have been identified to contribute to
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resistant hypertension including volume overload, secondary
causes of hypertension, several pharmacologic agents, and
other pathologic entities such as obesity, diabetes, and older
age [14]. In addition, a significant amount of patients appear to
have resistant hypertension, whereas they are truly well-con-
trolled. These patients have apparent resistant hypertension or
Bpseudo-resistance^ [13, 15], a phenomenon that can be gen-
erated by various conditions, such as improper BP measure-
ment, heavy calcification of the arteries in the elderly, poor
patient adherence, physician inertia, and, most importantly,
the white-coat effect [16]. Effectively ruling out pseudo-
resistance and identifying patients with true resistant hyper-
tension is a matter of great importance in order to avoid over-
treatment and the relevant complications in patients with
pseudo-resistance and focus further diagnostic and therapeutic
efforts in individuals who truly need them.

Similarly to white-coat hypertension in the general hyper-
tensive population, a significant amount of patients initially
diagnosed as resistant hypertensives in office, turn out to have
well-controlled BP after proper evaluation with ambulatory
blood pressure monitoring (ABPM). Several well-conducted
observational studies with ABPM have demonstrated that the
white-coat phenomenon can misclassify as many as 30 % of
the patients labeled to have resistant hypertension with office
measurements [17••, 18, 19]. Such observations clearly sug-
gest that the prevalence of resistant hypertension arising from
studies with office measurements is overestimated whereas
ABPM can offer a more realistic estimation of the magnitude
of the problem. The utility of ABPM in patients with resistant
hypertension extends beyond the proper diagnosis of the
white-coat effect and true resistant hypertension. Recent evi-
dence clearly suggests that ABPMcan predict more accurately
than office BP the cardiovascular events in patients with re-
sistant hypertension and thus constitute an important tool for
risk stratification [20, 21••], after which decisions regarding
the intensity of appropriate treatment can be applied. Lastly,
ABPM can also be a valuable tool for effective follow-up of
patients with resistant hypertension, including assessment of
the success of therapeutic interventions and adjustment of the
therapeutic schemes [22•, 23].

This article will discuss the advantages of ABPM use in
patients with resistant hypertension deriving from studies rel-
evant to the diagnosis, prognosis, and treatment of such
individuals.

Definition of Resistant Hypertension

Resistant hypertension has been formerly defined in the sev-
enth report of the US Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure
(JNC 7) as the failure to achieve goal BP<140/90 mmHg (or
130/80 mmHg in patients with diabetes mellitus or chronic

kidney disease) in patients with hypertension despite an ap-
propriate regimen of three antihypertensive drugs at the max-
imal tolerated doses, one of which is diuretic [10]. A subse-
quent position statement of the American Heart Association
(AHA) considered patients whose BP is controlled by ≥4 an-
tihypertensive medications to be also resistant to treatment
(controlled resistant hypertension) [11]. More recently, it has
been suggested that a time frame of at least 3 months of effec-
tive treatment should be included in the definition of resistant
hypertension [24, 25]. Although resistant hypertension by def-
inition is considered not controlled, it should not be used iden-
tically with the term Buncontrolled hypertension^which refers
to all hypertensive patients without adequate BP control under
treatment [12••].

The Role of ABPM in Diagnosis of Resistant
Hypertension

Prevalence of Resistant Hypertension Based on Office BP
Readings

Until a few years ago, the exact prevalence of resistant hyper-
tension was not properly defined; however, recently, large
population-based studies have provided direct epidemiologic
data according to which the prevalence of resistant hyperten-
sion with office BP readings is estimated between 6–12 % in
the hypertensive population and 8–28 % in all drug-treated
hypertensive patients (Table 1) [12••, 13, 17••, 26–29].

An early retrospective, cross-sectional study using elec-
tronic medical records aimed to assess the prevalence of resis-
tant hypertension in an ambulatory care setting. McAdam-
Marx et al. [26] evaluated 29,474 adult hypertensive patients
with regular follow-up visits between 2002 and 2005. Among
them, 2670 patients met the criteria for resistant hypertension,
defined as office BP≥140/90 mmHg in patients treated with
≥3 antihypertensive drugs including a thiazide diuretic. The
patients with resistant hypertension represented 9.1 % of the
entire study sample and 12.4 % of the drug-treated hyperten-
sive population.

In another study, Persell et al. [27] aimed to estimate the
prevalence of resistant hypertension using data from the Na-
tional Health and Nutrition Examination Survey (NHANES)
between the years 2003 and 2008. The investigators defined
resistant hypertension as BP≥140/90 mmHg in patients re-
ceiving ≥3 antihypertensive drugs in the past month or pa-
tients taking ≥4 antihypertensive drugs irrespective of BP
levels (86 % of the participants were receiving a diuretic).
The study demonstrated that 8.9 % (SE 0.6 %) of the adult
hypertensive US population and 12.8 % (SE 0.9 %) of all
drug-treated hypertensives met the criteria for resistant hyper-
tension. Excluding patients receiving ≥4 antihypertensive
drugs, the prevalence of resistant hypertension changed to
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6.4 % of all hypertensives and 9.2 % of all treated hyperten-
sive individuals.

In a similar study, Egan et al. [28] evaluated 13,375 hyper-
tensive adults of the NHANES database, subdivided into three
timely defined data sets from 1988 to 2008. The investigators
of the study defined apparent treatment-resistant hypertension
as uncontrolled BP (BP≥140/90 mmHg) despite the use of ≥3
antihypertensive medications. The results showed an in-
creased prevalence of apparent treatment-resistant hyperten-
sion from 15.9 % in 1988–1994 to 28.0 % in 2005–2008
among the treated hypertensive population. Moreover, when
the AHA statement for resistant hypertension was included in
the analysis (office BP≤140/90 mmHg in patients taking ≥4
antihypertensive drugs), the overall prevalence of resistant
hypertension reached an 11.8 % of the total US hypertensive
population between 2005 and 2008 representing an increase
from 5.5 % in 1988–1994 to 8.5 % in 1999–2004.

The largest study to assess the prevalence of resistant hy-
pertension included a diverse and representative population of
the Kaiser Permanente Southern California health system [29]
and used an electronic medical record-based approach accord-
ing to which 470,386 hypertensive patients between 2006 and
2007 were identified. Using a definition of resistant hyperten-
sion as BP≥140 and/or 90 mmHg despite triple antihyperten-
sive regimen or medication with ≥4 antihypertensive drugs
irrespective of BP control, the investigators identified 60,237
individuals as having resistant hypertension (12.8 % of the
hypertensive population and 15.3 % of all treated patients).
When patients controlled on ≥4 medications were excluded,
the prevalence of uncontrolled resistant hypertension fell to
9.4 % in the hypertensive population and 7.9 % in all drug-
treated individuals.

Prevalence of Resistant Hypertension Based on ABPM
Readings

While the above-mentioned studies have provided direct esti-
mates of the prevalence of resistant hypertension, all were
unable to exclude patients with pseudo-resistant hypertension.
Pseudo-resistance refers to apparent lack of appropriate BP
control in a patient who is prescribed ≥3 medications and is
caused by several factors, such as improper BP measurement,
heavy arterial calcification in the elderly, patient non-adher-
ence, physician inertia and, most importantly, the white-coat
effect [14]. The white-coat effect, defined as the elevation of
clinic BP resulting in higher BP values in office compared to
ambulatory or home readings [35], is a major confounder
when evaluating patients with resistant hypertension and its
impact on the occurrence of resistant hypertension (white-
coat-resistant hypertension) is significant, according to several
studies.

The first studies to provide data regarding the impact of the
white-coat effect on the prevalence of resistant hypertension

were small. Mezzetti et al. [30] performed ABPM in 27 pa-
tients with resistant hypertension (office BP>140/90 mmHg
in at least three visits 1 week apart despite a triple antihyper-
tensive regimen). The investigators did not use previously
reported cutoff ABPM values but those representing the upper
limits (mean+2 SD) of a clinically normotensive population
of the study’s geographical area. They noted that 26 % of
patients had true resistant hypertension (office BP>140/
90 mmHg, 24-h BP≥135/85 mmHg, and daytime ambulatory
BP≥139/90 mmHg) whereas 74 % had white-coat-resistant
hypertension (office BP>140/90 mmHg, 24-h BP<135/
85 mmHg, and daytime ambulatory BP<139/90 mmHg).
When patients were evaluated according to different ABPM
cutoff values as those suggested by Pickering et al. (135/
85 mmHg for daytime ambulatory BP) [36], another six pa-
tients with white-coat-resistant hypertension were re-
classified as true resistant hypertensives.

Hernandez-del Ray et al. [31] studied 60 patients with re-
sistant hypertension [an average of three measurements of
systolic blood pressure (SBP) ≥160 mmHg and/or diastolic
blood pressure (DBP) ≥95 mmHg in patients treated with a
triple-drug regimen, over at least 2 months] in a further at-
tempt to quantify the white-coat phenomenon using ABPM.
The investigators observed that 68 % of the subjects had true
resistant hypertension (daytime ambulatory BP>135/
85 mmHg) whereas 32 % had white-coat-resistant hyperten-
sion (daytime ambulatory BP≤135/85 mmHg).

In another study, Veglio et al. [32] performed ABPM in 49
patients with resistant hypertension (office BP>140/
90 mmHg for at least 3 months despite triple drug therapy in
near maximal doses, including a diuretic). According to the
cutoff values suggested by Pickering (135/85 mmHg for day-
time ambulatory BP), the investigators identified 61 % of the
study patients with true resistant hypertension (daytime am-
bulatory BP≥135/85 mmHg) and 39 % with white-coat-
resistant hypertension (daytime ambulatory BP<135/
85 mmHg).

Consequently, Brown et al. [18] in a retrospective study
evaluated the extent of white-coat effect in 118 patients with
resistant hypertension defined according to the JNC 6 report
and observed that those with white-coat-resistant hypertension
were 28 % according to the ABPM criteria of JNC 6 (daytime
BP<135/85 mmHg) and 19 % using a combination of the
JNC 6 and the World Health Organization–International So-
ciety of Hypertension (WHO-ISH) (24-h BP<125/80 mmHg)
criteria.

In a larger cross-sectional study, Muxfeldt et al. [33] en-
rolled 286 resistant hypertensive patients (office BP≥140/
90 mmHg despite the use of ≥3 antihypertensive drugs includ-
ing a diuretic). After ABPM assessment, 56.3 % of the pa-
tients were classified as having true resistant hypertension
(24-h BP≥135/85 mmHg) whereas 43.7 % as having white-
coat-resistant hypertension (24-h BP<135/85 mmHg). In a
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subsequent analysis of a larger sample of 497 patients with
resistant hypertension, the same group [34] reported a preva-
lence of true resistant hypertension of 63 % as compared to
37 % of white-coat-resistant hypertension.

More recently, in another large cohort of 423 resistant
hypertensive patients (office BP≥140/90 mmHg despite
triple antihypertensive regimen in maximum tolerated
doses including a diuretic, or ≥4 antihypertensive drugs
independently of office BP values), Brambilla et al. [19]
observed that 60 % of the population had true resistant
hypertension (24-h BP≥130/80 mmHg) whereas the re-
maining pseudo-resistance (non-compliance, white-coat
hypertension). Among them, 58.3 % (23.1 % of the total
sample) had white-coat-resistant hypertension (24-h BP<
130/80 mmHg).

In the largest study on the field, de la Sierra et al. [17••]
used the AHA definition of resistant hypertension (office BP
≥140 and/or 90 mmHg with ≥3 antihypertensive drugs, in-
cluding a diuretic) and identified 8295 patients with resistant
hypertension among a group of over 68,000 treated hyperten-
sive individuals included in the Spanish ABPM registry.
Based on office measurements, the prevalence of resistant
hypertension was 14.8 % among treated hypertensives and
12.0 % when only patients with BP≥140/90 mmHg were
included (i.e., excluding patients with normal BP but treated
with ≥4 antihypertensive drugs). After evaluation of ABPM
data, however, the prevalence of resistant hypertension
changed dramatically, as the authors identified that 37.5 %
of the originally identified resistant patients had white-coat-
resistant hypertension (24-h BP<130/80 mmHg) whereas
62.5 % had true resistant hypertension (24-h BP≥130/
80 mmHg).

Based on the above (Table 1), it can be easily deducted
that ABPM should be mandatory in the diagnosis of resis-
tant hypertension, as at least one third, and in some studies
almost half, of patients labeled with the diagnosis of resis-
tant hypertension based on appropriate office readings, turn
out to have controlled BP with the use of ABPM. The sig-
nificance of this finding is not related only to the technical
issue of correct prevalence of resistant hypertension in the
general hypertensive population (i.e., shifting from 12 % to
6–9 %) but, most importantly, to appropriate hypertension
management strategies. By dividing these two groups of
patients, a more targeted therapeutic approach could be im-
plemented by avoiding costly extra investigations towards
secondary hypertension and unnecessary overtreatment
with undesirable side effects of already controlled patients.
Interestingly, Brown et al. [18] calculated more than a de-
cade ago that if 24-h ABPM was performed before
conducting further investigations in apparent resistant hy-
pertensives, the overall savings per year per 100 resistant
hypertensive patients would be approximately between
US$22.000 and US$42.500.

The Role of ABPM in Prognosis of Resistant
Hypertension

The superiority of ABPM over office BP in resistant hyper-
tension goes beyond ruling out white-coat effect and
distinguishing between true resistant and apparent resistant
hypertensive patients. Several studies have demonstrated that
ABPM can predict more accurately cardiovascular outcomes
in these individuals thus enabling doctors to better stratify
their cardiovascular risk and subsequently modify the relative
therapeutic interventions (Table 2) [20, 21••, 37–39, 43].

Indirect data supporting the role of ABPM as a stratifica-
tion tool in resistant hypertension has been provided by the
cross-sectional Spanish ABPM Registry. After a median
follow-up of 4 years, de la Sierra et al. [40] observed that in
2115 hypertensive patients of high or very high cardiovascular
risk (among which 30 % met the criteria for resistant hyper-
tension), nocturnal SBP was the best predictor of cardiovas-
cular events [hazard ratio (HR) for each SD increase=1.45;
95 % confidence interval (CI)=1.29–1.59; p<0.001]
adjusting for baseline cardiovascular risk and office BP.

In an attempt to provide more direct data, Redon et al. [37]
enrolled in a prospective study 86 resistant hypertensive pa-
tients (office DBP>100 mmHg for three visits at 1-month
intervals, under treatment with ≥3 antihypertensive drugs in-
cluding a diuretic) and performed a single baseline 24-h
ABPM. After a median follow-up of 49 months, patients in
the highest tertile (mean daytime DBP>97 mmHg) according
to ABPM when compared to the patients in the lowest tertile
(mean daytime DBP<88 mmHg), had a much higher inci-
dence of cardiovascular events (13.6 vs 2.2 per 100 patient-
years) and a significant progression of target organ damage
(TOD) [risk ratio (RR)=3.70; 95% CI=2.82–4.58; p<0.03 vs
RR=2.11; 95 % CI=1.36–2.86; p=not significant (NS)].
Moreover, higher ambulatory DBP was an independent risk
factor for future cardiovascular events (RR=6.20; 95 % CI=
1.38–28.1; p<0.02). The prognostic significance of ambula-
tory BP as an independent risk factor remained even after
exclusion of patients with previous cardiovascular events
(RR=8.76; 95 % CI=1.07–71.8; p=0.05). In contrast to am-
bulatory BP, office BP was not an independent risk factor for
cardiovascular events.

The second important study in the field extended our knowl-
edge by studying the cardiovascular risk also in patients with
apparent resistant hypertension and normal ambulatory BP.
Pierdomenico et al. [38] enrolled 276 resistant hypertensive
patients (office BP≥140 and/or 90 mmHg despite triple thera-
py, in at least two visits) and performed ABPM according to
which 146 patients had white-coat-resistant hypertension (day-
time ambulatory BP<135/85 mmHg) and 130 suffered from
true resistant hypertension (daytime ambulatory BP≥135/
85 mmHg). After a median follow-up of 5 years, true resistant
compared with white-coat-resistant hypertension patients
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presented a much higher cardiovascular event rate (4.1 vs 1.2
events per 100 patient-years) and a twofold increased risk of a
fatal or non-fatal cardiovascular event (RR=2.40; 95 % CI=
1.01–5.80; p<0.05) after adjustment for traditional cardiovas-
cular risk factors. In contrast, a 10-mmHg increase of office
SBP compared with daytime ambulatory SBP was associated
with an adjusted risk ratio for cardiovascular event of 1.16
(RR=1.16; 95 % CI=1.0–1.36; p<0.05 vs RR=1.34; 95 %
CI=1.14–1.56; p=0.0001). When the investigators included
both office and daytime SBP in the same analysis, office BP
did not reach any statistical significance.

More recently, Salles et al. [20] studied 556 patients
with resistant hypertension (office BP≥140 and/or
90 mmHg, using ≥3 antihypertensive drugs in full dos-
ages, including a diuretic) for a median follow-up of
4.8 years. ABPM provided significant prognostic informa-
tion for the occurrence of fatal and non-fatal cardiovascu-
lar events independently of office BP and traditional car-
diovascular risk factors. More specifically, increases of 1
SD in the ambulatory nighttime SBP (22 mmHg) and
nighttime DBP (14 mmHg) were associated with a 38 %
(HR=1.38; 95 % CI=1.13–1.68; p<0.001) and 36 %
(HR=1.36; 95 % CI=1.10–1.69; p<0.001) higher risk of
suffering a future cardiovascular event. Daytime BP was
also significantly associated with cardiovascular events
(daytime SBP; HR=1.26; 95 % CI=1.04–1.53; p<0.05,
daytime DBP; HR=1.31; 95 % CI=1.05–1.63; p<0.05).
In addition, the ABPM diagnosis of true resistant hyper-
tension (mean daytime SBP≥ 135 mmHg or DBP≥
85 mmHg) was significantly accompanied by a twofold
risk for fatal and non-fatal cardiovascular events (HR=
2.11; 95 % CI=1.34–3.34; p<0.001) and was the only
independent prognostic factor for all-cause mortality
(HR=2.00; 95 % CI=1.12–3.55; p<0.05). Interestingly,
the investigators observed that office BP was not associ-
ated with the occurrence of cardiovascular events (office
SBP; HR=1.08; 95 % CI=0.90–1.29; p=NS, office DBP;
HR=1.03; 95 % CI=0.85–1.26; p=NS) and did not dem-
onstrate any prognostic significance for all-cause mortality
(office SBP; HR=0.99; 95 % CI=0.78–1.25; p=NS, office
DBP; HR=0.94; 95 % CI=0.73–1.21; p=NS). A subse-
quent analysis in the above population [21••], examined
for the first time the predictive role of nocturnal dipping
patterns in resistant hypertensive patients. The ABPM-
derived non-dipping pattern of BP was associated with a
74 % higher risk of suffering a fatal or non-fatal cardio-
vascular event (HR=1.74; 95 % CI=1.12–2.71; p<0.05)
and a 2.3-fold higher risk of cardiovascular mortality
(HR=2.31; 95 % CI=1.09–4.92; p<0.05) above and be-
yond office BP, ambulatory BP, and traditional cardiovas-
cular risk factors. The above effect was more pronounced
in patients with true resistant hypertension (HR=2.07;
95 % CI=1.22–3.50; p=0.007) compared to patients with

white-coat-resistant hypertension (HR=1.06; 95 % CI=
0.43–2.61; p=0.90).

Magnanini et al. [39] studied 328 women with resistant
hypertension (office BP≥140/90 mmHg in spite of ≥3 antihy-
pertensive drugs, including diuretics). After a mean follow-up
of 3.9 years, the investigators demonstrated that patients with
true resistant hypertension (daytime ambulatory BP≥135/
85 mmHg) as compared to those with white-coat-resistant
hypertension (daytime ambulatory BP<135/85 mmHg), had
a higher cardiovascular event rate (5.8 vs 3.7 per 100 women-
years, p=0.06) and their daytime ambulatory BP was a signif-
icant and independent risk predictor of cardiovascular events
(RR=1.67; 95 % CI=1.00–2.78; p<0.05). In contrast, office
BP did not demonstrate any significant association with car-
diovascular events (office SBP; RR=1.04; 95 % CI=0.96–
1.13; p=0.26, office DBP; RR=0.97; 95 % CI=0.90–1.04;
p=0.38).

Taken together, the above evidence suggests that ABPM
can predict more accurately fatal and non-fatal cardiovascular
outcomes in patients with resistant hypertension. In addition,
ABPM-derived information, such as that on patterns of the
dipping status display significantly different associations with
cardiovascular mortality and could reinforce the role of
ABPM as a more powerful prognostic tool in resistant hyper-
tensive patients. Moreover, the increased cardiovascular risk
observed in true resistant compared to white-coat-resistant
hypertensives, is another important element derived from
ABPM that further adds to the prognostic importance of
ABPM.

The Role of ABPM in Treatment of Resistant
Hypertension

Beyond its role in the diagnosis and prognosis of patients with
resistant hypertension, ABPM can also constitute a valuable
tool in the adjustment of the therapeutic scheme, the assess-
ment of any therapeutic interventions, and the follow-up of
these patients. First, proper diagnosis of true resistant hyper-
tension by ABPM reinforces the treatment plan towards better
identification of TOD and intensification of antihypertensive
treatment. This is because patients with true resistant hyper-
tension have a higher prevalence of TOD, such as left ventric-
ular hypertrophy, carotid intima-media thickening,
microalbuminuria, and retinal lesions [40-45], followed by
an increased risk of cardiovascular events. On the contrary,
patients with white-coat-resistant hypertension belong to a
lower risk group that could evade costly and unnecessary in-
vestigations as well as multi-drug schemes.

Another advantage of ABPM in the therapeutic manage-
ment of patients with resistant hypertension is the detailed
assessment of the effects of pharmacologic and non-
pharmacologic interventions. An example of the role of
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ABPM in the former was a study by Hermida et al. [46] who
evaluated the impact on the circadian BP profile by modifying
the time of administration and not of prescribed drugs in 700
patients with resistant hypertension divided into two groups,
those taking all medications in a single morning dose and
those taking at least one BP-lowering drug at bedtime. After
48-h ABPM assessment, it was observed that the amount of
patients with controlled ambulatory BP was double among
those taking at least one drug at bed time (p=0.008). More-
over, the same group of patients presented a much lower prev-
alence of non-dipping pattern contrary to patients receiving all
medications in the morning (56.9 vs 81.9 %; p<0.001). In a
prospective, randomized trial [22•], the same investigators
assigned 250 patients with true resistant hypertension under
triple antihypertensive regime at daytime in two groups. The
first group changed one drug out of the triple regime but kept
receiving all the medications at daytime whereas in the second
group the same approach was followed with the exception of
taking the new drug at bedtime. After 12 weeks of treatment,
the investigators observed that the second group experienced a
statistically significant ambulatory BP reduction (9.4/
6.0 mmHg; p<0.001) with a greater reduction in nocturnal
mean BP in relation to the first group. Moreover, a normal
dipping profile was observed more frequently in the second
group (p<0.001). In another study of 27 resistant hypertensive
patients, Almirall et al. [47] demonstrated that shifting all non-
diuretic antihypertensive drugs from morning to evening re-
sulted in statistically significant lower ambulatory BP at night
(p=0.005 for SBP, p=0.04 for DBP) and enhanced nocturnal
BP decline.

The results of recent clinical trials evaluating the efficacy of
invasive device-based therapies are also good examples of the
usefulness of ABPM in assessing non-pharmacologic inter-
ventions in the treatment of resistant hypertension. In a phase
I renal denervation study, Krum et al. [48] observed that
6 months after the intervention, office SBP fell by 27 mmHg
whereas 24-h SBP by only 11 mmHg. In the Simplicity HTN-
2 trial [23], sympathetic renal denervation resulted in a much
lower fall of 24-h BP (30–40 %) compared to office BP mea-
surements. In the European DEBut-HT trial (Devise Based
Therapy in Hypertension Extension Trial), Scheffers et al.
[49•] demonstrated that carotid baroreceptor activation with
the Rheos device resulted in lower 24-h SBP/DBP (6.0/
4.0 mmHg) reduction as compared with the reduction of office
SBP/DBP (21/12 mmHg) at 3 months of follow-up. The dis-
proportionately lower reduction of ambulatory compared to
office BP demonstrated by the above-mentioned studies, un-
derline the importance of ABPM when evaluating invasive
therapies in the therapeutic management of resistant
hypertension.

Another advantage of ABPM in the therapeutic field is that
it can assist in the follow-up of patients with resistant hyper-
tension. In an attempt to evaluate the most appropriate time

interval to repeat ABPM and ensure the persistence of BP
control in patients with white-coat-resistant hypertension,
Muxfeldt et al. [50] performed a prospective study in 198
patients with a diagnosis of white-coat-resistant hypertension
on baseline ABPM. The investigators repeated ABPM in
3 months and then twice in intervals of 6 months. At the end
of the study, one third of the patients with initial diagnosis of
white-coat-resistant hypertension retained their status. In con-
trast, more than half of the patients became true resistant hy-
pertensives after the 15-month period. With their observa-
tions, the authors proposed a concise time-specific algorithm
to follow up the status of white-coat-resistant hypertension
patients. On the other hand, in patients with true resistant
hypertension, the authors suggested that ABPM should be
repeated whenever a therapeutic scheme adjustment is per-
formed, to ensure proper BP control.

From the existing data, it can be deducted that ABPM can
guide therapeutic management of patients with resistant hy-
pertension. More specifically, ABPM diagnosis of true resis-
tant hypertension can lead to proper intensification of treat-
ment due to high cardiovascular risk and unfavorable progno-
sis. In addition, ABPM gives the opportunity to follow phar-
macologic treatments targeting the circadian BP profile, assess
the therapeutic effect of non-pharmacologic interventions, and
also follow the longitudinal success of BP control of patients
with resistant hypertension.

Conclusion

A wealth of clinical data demonstrates the superiority of
ABPM over office BP in the diagnosis, prognosis, and thera-
peutic management of patients with resistant hypertension. In
the diagnostic field, the importance of ABPM derives mainly
from the detection of white-coat effect, affecting at least 30–
35% of the resistant hypertensive population and representing
a major confounder in the initial evaluation of every such
patient. The proper detection of white-coat effect among re-
sistant hypertension patients can significantly change the
existing prevalence data and have major clinical implications.
In the prognostic field, ABPM is clearly a more accurate and
independent predictor of cardiovascular morbidity and mor-
tality compared to office BP in resistant hypertension, and
thus, a better tool for cardiovascular stratification and relative
therapeutic decisions. In addition, some ABPM parameters
such as nocturnal BP decline are of significant value in
predicting cardiovascular risk. In the therapeutic field, ABPM
can guide proper intensification of treatment and pharmaco-
logical choices relevant to the circadian BP profile, evaluate
the true effect of novel non-pharmacologic interventions and
offer accurate follow-up of patient control. Interestingly, de-
spite all convincing evidence, ABPM still has not been imple-
mented in the formal definition of resistant hypertension
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according to international guidelines. Is this still a matter of
our resistance?

Compliance with Ethics Guidelines

Conflict of Interest Drs. Lazaridis, Sarafidis, and Ruilope declare that
they have no conflicts of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• of importance
•• of major importance

1. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani
H, et al. A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990–2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet. 2012;380(9859):2224–60.

2. Perkovic V, Huxley R, Wu Y, Prabhakaran D, MacMahon S. The
burden of blood pressure-related disease: a neglected priority for
global health. Hypertension. 2007;50(6):991–7.

3. World Health Organization. World Health Report 2002: reducing
risks, promoting healthy life. Geneva: World Health Organization;
2002.

4. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm
M, Christiaens T, Cifkova R, De Backer G, Dominiczak A,
Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen SE,
Laurent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE,
Sirnes PA, Sleight P, Viigimaa M, Waeber B, Zannad F. 2013 ESH/
ESC practice guidelines for the management of arterial hyperten-
sion. Task Force for the Management of Arterial Hypertension of
the European Society of Hypertension and the European Society of
Cardiology. Blood Press. 2014;23(1):3–16.

5. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK,
He J. Global burden of hypertension: analysis of worldwide data.
Lancet. 2005;365:217–23.

6. Wolf-Maier K, Cooper RS, Banegas JR, Giampaoli S, Hense HW,
Joffres M, et al. Hypertension prevalence and blood pressure levels
in 6 European countries, Canada, and the United States. JAMA.
2003;289(18):2363–9.

7. Sarafidis PA, Li S, Chen SC, Collins AJ, Brown WW, Klag MJ,
et al. Hypertension awareness, treatment, and control in chronic
kidney disease. Am J Med. 2008;121(4):332–40.

8. Wolf-Maier K, Cooper RS, Kramer H, Banegas JR, Giampaoli S,
Joffres MR, et al. Hypertension treatment and control in five
European countries, Canada, and the United States. Hypertension.
2004;43(1):10–7.

9. Guo F, He D, Zhang W, Walton RG. Trends in prevalence, aware-
ness, management, and control of hypertension among United
States adults, 1999 to 2010. J Am Coll Cardiol. 2012;60(7):599–
606.

10. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA,
Izzo Jr JL, et al. National Heart, Lung, and Blood Institute Joint
National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure; National High Blood Pressure
Education Program Coordinating Committee. The Seventh Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the JNC 7 re-
port. JAMA. 2003;289(19):2560–72.

11. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD,
et al. Resistant hypertension: diagnosis, evaluation, and treatment.
A scientific statement from the American Heart Association
Professional Education Committee of the Council for High Blood
Pressure Research. Hypertension. 2008;51(6):1403–19.

12.•• Sarafidis PA, Georgianos P, Bakris GL. Resistant hypertension—its
identification and epidemiology. Nat Rev Nephrol. 2013;9(1):51–8.
A comprehensive review on prevalence and prognosis of resis-
tant hypertension and pseudoresistant hypertension.

13. Judd E, Calhoun DA. Apparent and true resistant hypertension:
definition, prevalence and outcomes. J Hum Hypertens.
2014;28(8):463–8.

14. Sarafidis PA, Bakris GL. Resistant hypertension: an overview of
evaluation and treatment. J Am Coll Cardiol. 2008;52(22):1749–
57.

15. Calhoun DA. Apparent and true resistant hypertension: why not the
same? J Am Soc Hypertens. 2013;7(6):509–11.

16. Sarafidis PA. Epidemiology of resistant hypertension. J Clin
Hypertens (Greenwich). 2011;13(7):523–8.

17.•• de la Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ,
Armario P, et al. Clinical features of 8295 patients with resistant
hypertension classified on the basis of ambulatory blood pressure
monitoring. Hypertension. 2011;57(5):898–902. The largest study
to evaluate the effect of white-coat effect in overestimating the
prevalence of resistant hypertension.

18. Brown MA, Buddle ML, Martin A. Is resistant hypertension really
resistant? Am J Hypertens. 2001;14(12):1263–9.

19. Brambilla G, Bombelli M, Seravalle G, Cifkova R, Laurent S,
Narkiewicz K, et al. Prevalence and clinical characteristics of pa-
tients with true resistant hypertension in central and Eastern Europe:
data from the BP-CARE study. J Hypertens. 2013;31(10):2018–24.

20. Salles GF, CardosoCR,Muxfeldt ES. Prognostic influence of office
and ambulatory blood pressures in resistant hypertension. Arch
Intern Med. 2008;168(21):2340–6.

21.•• Muxfeldt ES, Cardoso CR, Salles GF. Prognostic value of nocturnal
blood pressure reduction in resistant hypertension. Arch Intern
Med. 2009;169(9):874–80. This study delineated with the use
of ABPM the prognostic role of the various nocturnal BP dip-
ping patterns in patients with resistant hypertension.

22.• Hermida RC, Ayala DE, Fernández JR, Calvo C. Chronotherapy
improves blood pressure control and reverts the nondipper pattern
in patients with resistant hypertension. Hypertension. 2008;51(1):
69–76. A randomized study evaluating the effects of chrono-
therapy in ambulatory BP profile in patients with resistant
hypertension.

23. Symplicity HTN-2 Investigators, Esler MD, Krum H, Sobotka PA,
Schlaich MP, Schmieder RE, et al. Renal sympathetic denervation
in patients with treatment-resistant hypertension (The Symplicity
HTN-2 Trial): a randomised controlled trial . Lancet.
2010;376(9756):1903–9.

24. Turner JR, O'Brien E. Diagnosis and treatment of resistant hyper-
tension: the critical role of ambulatory blood pressure monitoring. J
Clin Hypertens (Greenwich). 2013;15(12):868–73.

25. White WB, Turner JR, Sica DA, Bisognano JD, Calhoun DA,
Townsend RR, et al. Detection, evaluation, and treatment of severe
and resistant hypertension: proceedings from an American Society
of Hypertension Interactive forum held in Bethesda, MD, U.S.A.,
October 10th 2013. J Am Soc Hypertens. 2014;8(10):743–57.

26. McAdam-Marx C, Ye X, Sung JC, Brixner DI, Kahler KH. Results
of a retrospective, observational pilot study using electronic medi-
cal records to assess the prevalence and characteristics of patients

78 Page 10 of 11 Curr Hypertens Rep (2015) 17: 78



with resistant hypertension in an ambulatory care setting. Clin Ther.
2009;31(5):1116–23.

27. Persell SD. Prevalence of resistant hypertension in the United
States, 2003–2008. Hypertension. 2011;57(6):1076–80.

28. Egan BM, Zhao Y, Axon RN, Brzezinski WA, Ferdinand KC.
Uncontrolled and apparent treatment resistant hypertension in the
United States, 1988 to 2008. Circulation. 2011;124(9):1046–58.

29. Sim JJ, Bhandari SK, Shi J, Liu IL, Calhoun DA, McGlynn EA,
et al. Characteristics of resistant hypertension in a large, ethnically
diverse hypertension population of an integrated health system.
Mayo Clin Proc. 2013;88(10):1099–107.

30. Mezzetti A, Pierdomenico SD, Costantini F, Romano F, Bucci A,
Di Gioacchino M, et al. White-coat resistant hypertension. Am J
Hypertens. 1997;10(11):1302–7.

31. Hernández-delRey R, Armario P, Martin-Baranera M, Sánchez P,
Cárdenas G, Pardell H. Target-organ damage and cardiovascular
risk profile in resistant hypertension. Influence of the white-coat
effect. Blood Press Monit. 1998;3(6):331–7.

32. Veglio F, Rabbia F, Riva P, Martini G, Genova GC, Milan A, et al.
Ambulatory blood pressure monitoring and clinical characteristics
of the true and white-coat resistant hypertension. Clin Exp
Hypertens. 2001;23(3):203–11.

33. Muxfeldt ES, Bloch KV, Nogueira AR, Salles GF. Twenty-four
hour ambulatory blood pressure monitoring pattern of resistant hy-
pertension. Blood Press Monit. 2003;8(5):181–5.

34. Muxfeldt ES, Bloch KV, Nogueira Ada R, Salles GF. True resistant
hypertension: is it possible to be recognized in the office? Am J
Hypertens. 2005;18(12 Pt 1):1534–40.

35. Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Zampi I,
Gattobigio R, et al. White coat hypertension and white coat effect.
Similarities and differences. Am J Hypertens. 1995;8(8):790–8.

36. Pickering T. Recommendations for the use of home (self) and am-
bulatory blood pressure monitoring. American Society of
Hypertension Ad Hoc Panel. Am J Hypertens. 1996;9(1):1–11.

37. Redon J, Campos C, Narciso ML, Rodicio JL, Pascual JM, Ruilope
LM. Prognostic value of ambulatory blood pressure monitoring in
refractory hypertension: a prospective study. Hypertension.
1998;31(2):712–8.

38. Pierdomenico SD, Lapenna D, Bucci A, Di Tommaso R, DiMascio
R, Manente BM, et al. Cardiovascular outcome in treated hyperten-
sive patients with responder, masked, false resistant, and true resis-
tant hypertension. Am J Hypertens. 2005;18(11):1422–8.

39. Magnanini MM, Nogueira Ada R, Carvalho MS, Bloch KV.
Ambulatory blood pressure monitoring and cardiovascular risk in

resistant hypertensive women. Arq Bras Cardiol. 2009;92(6):448-
53, 467–72, 484–9.

40. de la Sierra A, Banegas JR, Segura J, Gorostidi M, Ruilope LM,
CARDIORISC Event Investigators. Ambulatory blood pressure
monitoring and development of cardiovascular events in high-risk
patients included in the SpanishABPM registry: the CARDIORISC
Event study. J Hypertens. 2012;30(4):713–9.

41. de la Sierra A, Banegas JR, Oliveras A, Gorostidi M, Segura J, de la
Cruz JJ, et al. Clinical differences between resistant hypertensives
and patients treated and controlled with three or less drugs. J
Hypertens. 2012;30(6):1211–6.

42. Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA,
Margolis KL, et al. Incidence and prognosis of resistant hyperten-
sion in hypertensive patients. Circulation. 2012;125(13):1635–42.

43. Muxfeldt ES, Salles GF. How to use ambulatory blood pressure
monitoring in resistant hypertension. Hypertens Res. 2013;36(5):
385–9.

44. Cuspidi C,Macca G, Sampieri L,Michev I, SalernoM, Fusi V, et al.
High prevalence of cardiac and extracardiac target organ damage in
refractory hypertension. J Hypertens. 2001;19(11):2063–70.

45. Oliveras A, Armario P, Hernández-Del Rey R, Arroyo JA, Poch E,
Larrousse M, et al. Urinary albumin excretion is associated with
true resistant hypertension. J Hum Hypertens. 2010;24(1):27–33.

46. Hermida RC, Ayala DE, Calvo C, López JE, Mojón A, Fontao MJ,
et al. Effects of time of day of treatment on ambulatory blood
pressure pattern of patients with resistant hypertension.
Hypertension. 2005;46(4):1053–9.

47. Almirall J, Comas L,Martínez-Ocaña JC, Roca S, Arnau A. Effects
of chronotherapy on blood pressure control in non-dipper patients
with refractory hypertension. Nephrol Dial Transplant. 2012;27(5):
1855–9.

48. Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J,
Bartus K, et al. Catheter-based renal sympathetic denervation for
resistant hypertension: a multicentre safety and proof-of-principle
cohort study. Lancet. 2009;373(9671):1275–81.

49.• Scheffers IJ, Kroon AA, Schmidli J, Jordan J, Tordoir JJ, Mohaupt
MG, et al. Novel baroreflex activation therapy in resistant hyper-
tension: results of a European multi-center feasibility study. J Am
Coll Cardiol. 2010;56(15):1254–8. A prospective study evaluat-
ing the timing of ambulatory BP monitoring in patients with
resistant hypertension.

50. Muxfeldt ES, Fiszman R, de Souza F, Viegas B, Oliveira FC, Salles
GF. Appropriate time interval to repeat ambulatory blood pressure
monitoring in patients with white-coat resistant hypertension.
Hypertension. 2012;59(2):384–9.

Curr Hypertens Rep (2015) 17: 78 Page 11 of 11 78


	Ambulatory...
	Abstract
	Introduction
	Definition of Resistant Hypertension
	The Role of ABPM in Diagnosis of Resistant Hypertension
	Prevalence of Resistant Hypertension Based on Office BP Readings
	Prevalence of Resistant Hypertension Based on ABPM Readings

	The Role of ABPM in Prognosis of Resistant Hypertension
	The Role of ABPM in Treatment of Resistant Hypertension
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • of importance •• of major importance



