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2.1 Introduction

The phenomena of white coat hypertension (WCHT) and masked hypertension
(MH) were first identified once blood pressure (BP) measurements became pos-
sible outside of a clinic/office setting. Ambulatory blood pressure (ABP) or home
blood pressure (HBP) measurements have really changed the way we interpret the
significance of BP data. Thus, four BP categories can be measured: MH, true
normotension (NT), sustained hypertension (SH) and WCHT ([1]; see Table 2.1).

Generally, clinic/office BP is defined as normal when\140/90 mmHg and out-
of-office BP, ABP, or HBP are defined as normal when\135/85 mmHg (daytime
or home BP) [1]. The question then is whether these entities are clinically
unimportant or whether they are associated with an increased cardiovascular (CV)
risk.

2.2 White Coat Hypertension

2.2.1 Terminology

WCHT is the most commonly used term for describing patients with elevated BP
in a clinic or office setting but not in other settings [2, 3].The term isolated office
hypertension is also used.
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2.2.2 Definition

The criterion originally used by Pickering and colleagues [2] to define WCHT was
a clinic or office BP that remained above 140/90 mmHg, together with a daytime
ABP or HBP below 134/90 mmHg. The threshold values generally used are[140/
90 mmHg within an office setting and\135/85 mmHg outside the office [1]. Most
investigators have used both systolic and diastolic BP to make a diagnosis of
WCHT. WCHT should be distinguished from the white-coat effect, which is the
difference between clinic BP and daytime ABP.

2.2.3 Prevalence

The prevalence of WCHT depends on the definition and on the demographic
features of the population being surveyed.

Authors of early studies suggested that WCHT occurs in 20 % or more of the
hypertensive population [2, 4–6]. Not surprisingly, it is more common (33.3 %)
among patients with the mildest hypertension (from 140/90 to 159/99 mmHg) and
virtually nonexistent among those with the most severe hypertension (above 210/
120 mmHg) [7–10]. The prevalence of WCHT does not appear to increase with
age [11], nor does it differ for sex or weight from SH.

2.2.4 Metabolic and Biochemical Features

Weber and colleagues [12] reported that patients with WCHT had higher levels of
total and low-density lipoprotein (LDL) cholesterol than normotensive patients.
Levels of high-density lipoprotein (HDL) cholesterol and triglycerides did not
differ between the WCHT and normotensive groups. Even though several studies
have been performed in this area, the authors did not confirm their initial findings.

Cavallini and colleagues [13] and Pierdomenico and colleagues [14] reported
that all three groups (NT, SH, and WCHT) had the same levels of total cholesterol,

Table 2.1 Diagnostic possibilities with reference to ambulatory blood pressure or home blood
pressure

Office BP

HBP or ABPM \140/90 mmHg C140/90 mmHg

\135/85 mmHg NT WCHT

C135/85 mmHg MH SH

ABPM ambulatory blood pressure monitoring, BP blood pressure, HBP home blood pressure, MH
masked hypertensive (normal office but high out-of-office BP), NT normotension (office and out-
of-office BP), SH sustained hypertension (high office and out-of-office BP), WCHT white coat
hypertension (high office but normal out-of-office BP)
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HDL cholesterol, and triglycerides. Pierdomenico and colleagues [14] also found
no difference in the level of LDL cholesterol among groups. In a third study,
Marchesi and colleagues [15] reported that, of 84 newly diagnosed hyper-tensive
patients, 24 % who were classified as having WCHT had glucose and lipid blood
levels that were similar to those in SH patients, though the WCHT patients had
lower insulin levels. Pierdomenico and colleagues [16] observed that the LDL of
WCHT patients does not exhibit greater than normal propensity toward oxidation.

In the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study,
Mancia and colleagues [17] reported that a prevalence of diabetes (C126 mg/dL or
use of antidiabetic drugs), impaired fasting blood glucose (C110 to\126 mg/dL),
and hypercholesterolemia (total serum cholesterol C240 mg/dL or 200 mg/dL)
increased progressively from optimal to normal, high-normal, and then elevated
office systolic or diastolic BP. Fasting blood glucose and total serum cholesterol
also increased progressively from the first to the fourth group, with HDL
cholesterol values showing a concomitant progressive decrease. Even if the
majority of the results show that there is no specific metabolic abnormality
associated with WCHT, a unanimous consensus has not been reached.

2.2.5 Target Organ Damage

Verdecchia and colleagues [4] reported that there was no correlation between the
magnitude of the white-coat effect and left ventricular mass (LVM). A similar
finding was reported by Guida and colleagues [18].

Kuwajima and colleagues [19] performed an echocardiographic study of 67
patients aged 60 years and older: 17 patients with WCHT, 34 patients with ST, and
16 NT control subjects. The patients with WCHT had a moderately increased left
atrial mass and LVM in association with a tendency for disturbed diastolic
function. These findings suggest that WCHT in older patients may not be
unharmful. Cavallini and colleagues [13] found that intima-medial thicknesses
(IMT) of the carotid artery in the NT group (0.76 mm) and WCHT group
(0.84 mm) were similar, whereas the IMT in the SH group was greater (0.98 mm).
Pierdomenico and colleagues [14] compared 50 SHs with 25 sex-matched and age-
matched WCHTs and 25 NTs, using a comprehensive battery of tests for target
organ damage, including both echocardiography and carotid artery ultrasonogra-
phy. WCHT subjects did not differ from NT subjects in any of these measures.
Cuspidi and colleagues [20], whose study involved 82 patients, reported that the
prevalence of left ventricular hypertrophy and cardiac remodeling was signifi-
cantly more frequent in SH patients (51 %) than in WCHT patients.

Soma and colleagues [21] investigated left ventricular function in 26 subjects
with WCHT. They discovered that the arterial pressure response in subjects with
WCHT was associated with increased left ventricular external work, increased
end-systolic wall stress and alterations of left ventricular filling, though they
recorded normal ejection fraction and mean velocity of circumferential fiber
shortening. Ormezzano and colleagues [22] did not find cardiovascular alterations
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in WCHT subjects with reference to the left ventricular mass index (LVMI),
carotid IMT, and aortic stiffness (pulse wave velocity). The results obtained by
Sega and colleagues [6] from the PAMELA study did not match with the previous
data reported by Ormezzano. In these subjects, LVMI was greater than in subjects
with normotension both inside and outside the office setting.

Another sign of target organ damage is microalbuminuria. Hoegholm and
colleagues [23] evaluated microalbuminuria in 411 subjects who were NT sub-
jects, SH subjects, or WCHT subjects. The ratios for the NT and WCHT subjects
were the same, while those for the SH subjects were greater [9]. Pierdomenico and
colleagues [14] and Martinez and colleagues [8] also found lower levels of
microalbuminuria in WCHT subjects than they did for SH subjects.

2.2.6 Morbidity and Mortality

Verdecchia and colleagues [24] were the first to propose the hypothesis that
WCHT is associated with a relatively low risk of morbidity, with an intermediate
level of morbidity for NT and SH subjects. Following up a group of 1,187 NT and
HT individuals over 3 years, they reported an event rate of 0.49 per 100 patient
years for WCHT subjects (similar to the rate of 0.47 for NT subjects), and rates of
1.79 among hypertensive dippers, who constituted the majority, and 4.99 among
non-dippers.

In the Self-Measurement of Blood Pressure at Home in the Elderly: Assessment
and Follow-up (SHEAF) study, Bobrie and colleagues [25] reported that even
when the characteristics of patients with isolated office hypertension were similar
to those of patients with controlled hypertension, patients with isolated office
hypertension had fewer previous cardiovascular complications.

In a subsequent report, Bobrie and colleagues [26] performed a multivariable
analysis and found that the hazard ratio of cardiovascular events was almost the
same in patients with elevated office BP and normal HBP than in patients having
normal home and office BP.

After a 10-year follow-up study of 420 patients with grade 1–2 hypertension
newly diagnosed by their general practitioner and 146 NT controls for which ABP
monitoring was performed at baseline, Gustavsen and colleagues [27] concluded
that there was an increased CV risk in WCHT patients compared to NT controls.
Ohkubo and colleagues [28] followed 1,332 subjects by means of ABP for a mean
duration of 10 years and showed that the CV risk in WCHT subjects does not
differ significantly from that of NT subjects.

In the PAMELA study, Mancia and colleagues [29] did not confirm their
previously obtained results and, like Gustavsen and colleagues [27], found that
WCHT and MH, when identified by office and ABP or by office and HBP, are not
prognostically innocent in term of CV risks. Fagard and Cornelissen [30], by
means of a meta-analysis, concluded that the outcome of CV events in WCHT
does not significantly differ from NT.
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A more recent meta-analysis study carried out by Pierdomenico and Cuccurullo
[31] confirmed that CV risk is not significantly different between WCHT and NT,
regardless of normotensive population type and follow-up length. However, it is
noteworthy that during follow-up, drug therapy was more frequent in WCHT than
in NT subjects and thus its possible impact on the outcome should be evaluated in
future studies. Consequently, when WCHT is identified at an office setting and
presents a normal ambulatory blood pressure monitoring (ABPM) and a normal
HBP is not perhaps completely innocent.

2.2.7 Management and Treatment

The most controversial issue about the management of WCHT is whether treat-
ment with antihypertensive drugs should be prescribed. Authors of several studies
have analyzed the effects of anti-hypertensive medications on patients with SH and
WCHT. Pickering and colleagues [32] reported that administration of doxazosin
mesylate, a long-acting a-blocker, lowered clinic BP for subjects in both groups
and to the same extent, but lowered ABP only in those with SH.

Two other groups, both using calcium antagonists, found that the effects of
medication on clinic BP in patients with high and normal ABP were similar.
However, when ABP was normal to begin with (i.e., in the case of WCHT), the
drug did not lower it further [33, 34]. Herpin and colleagues [35] compared
patients treated with a variety of calcium antagonists with treatment with angio-
tensin-converting enzyme inhibitors, and confirmed that these two drug classes had
similar effects on clinic BP. However, calcium antagonists had little effect on ABP
if this was low to begin with (i.e., WCHT), whereas angiotensin-converting
enzyme inhibitors lowered it irrespective of whether ABP had started out low or
high. Kristensen and colleagues [36] found that treatment with benazepril lowered
ABP in WCHT patients more than did treatment with felodipine. This finding
raises the interesting possibility that there might be differences among the various
classes of antihypertensives in terms of the degree to which they affect WCHT.

The other major issue regarding WCHT is patient follow-up. Authors of at least
three studies have investigated this by repeating ABPM. Bidlingmeyer and col-
leagues [37] re-examined 81 patients with WCHT after an average period of
5 years and found that ABP in 60 of them had increased to more than 140/
90 mmHg, although no similar change in clinic BP had been recorded. Verdecchia
and colleagues [38] followed 83 patients for 2.5 years and found that for two
patients, the classification had changed from WCHT to SH. Polonia and colleagues
[39] followed 36 patients with WCHT and 52 NT patients for 3.5 years and found
that 11 and 6 %, respectively, developed ambulatory hypertension.

In a third study performed by White and colleagues [40], only 12.5 % of
WCHT patients became truly hypertensive. The apparent transition of a patient
from WCHT to SH could have several explanations. The most widely advocated
hypothesis is that WCHT is a prehypertensive state, though an equally plausible
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hypothesis is that the transition is nothing more than a regression to the mean. So,
it is reasonable to suggest a treatment plan based on lifestyle recommendations in
patients with WCHT in the absence of comorbid conditions and target organ
damage and monitor them on a regular basis. It is clear that all patients diagnosed
with WCHT should be followed up indefinitely, either with both clinic and HBP or
with ABPM.

2.3 Masked Hypertension

2.3.1 Definition

Subjects with MH have a normal clinic BP of \140/90 mmHg and an abnormal,
out-of-office (ambulatory or at home) daytime systolic BP [135 mmHg or day-
time diastolic blood pressure [85 mmHg [1]. MH has also been known as white
coat normotension, inverse white coat hypertension, isolated clinic normotension,
isolated home hypertension, isolated ambulatory hypertension and reverse white-
coat effect.

2.3.2 Prevalence

The use of different BP limits affects the prevalence of MH and MH is certainly
often underestimated. Prevalence can be different according to different studies,
the range being between 10 and 40 % [5, 6, 22, 26, 28, 29, 41, 42]. According to
Eguchi and colleagues [43], prevalence is higher in diabetic patients (47 %),
whereas Baguet and colleagues [44] have reported a 30 % prevalence in sleep
apnea syndrome.

2.3.3 Target Organ Damage

The first study that looked at the issue of target organ damage in MH was carried out
by Liu and colleagues [45], who examined 295 clinically normotensive individuals
and 64 patients with SH. They found that individuals with MH had greater LVM and
higher prevalence of carotid IMT atherosclerosis than those with normal BP.

Sega and colleagues [6], with reference to the PAMELA study, observed that
MH presented higher LVMI and structural cardiac alterations. Bjorklund and
colleagues [46] investigated 578 untreated 70-year-old hypertensive men and
reported a higher LVM and relative wall thickness for MH patients.

In a population of 688 subjects, Silva and colleagues [47] observed an increased
LVM with MH. Ormezzanno and colleagues [22] observed that cardiovascular
alterations, such as LVMI, carotid IMT, aortic stiffness, and pulse wave velocity
are found in association with MH. These data were confirmed by Lurbe and
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colleagues [48] in younger patients. Consequently, we can suggest that subjects
with MH have more extensive target organ damage than true normotensive
individuals.

2.3.4 Morbidity and Mortality

The clinical significance of MH is based on five longitudinal studies and two meta-
analyses. First, individuals with MH are at increased risk of developing SH. In the
Hypertension and Ambulatory Recording Venetia Study (HARVEST) [49], 35 %
of participants with MH had persistent SH when followed up over 6 years whereas
only 19 % of those with true NT at baseline developed SH. This has been con-
firmed by Mancia and colleagues [29] in the PAMELA study where subjects with
WCHT and MH were at increased risk of developing SH. However, Messerli and
Makani [50] concluded that for undetermined reasons, some patients are able to
remain in the same BP category or are even able to go back to a category that
confers reduced morbidity and mortality.

The prognostic value of MH was assessed by Bjorklund and colleagues [46] in a
cohort of 70-year-old men followed for 8.4 years. They found that MH was as
great a predictor of CV events (relative risk: 2.77) as SH (relative risk: 2.94).

In a cohort of treated hypertensive patients followed up for a mean of 3.2 years,
Bobrie and colleagues [26] found that individuals with controlled office BP but
uncontrolled HBP were doubly at risk of developing CV events in comparison
with patients having their BP controlled both at home and in the office.

The composite risk of cardiovascular mortality and stroke morbidity was cal-
culated for 1,332 subjects from the town of Ohasama, Japan, who were followed
up for a period of 10 years [28]. The risk was significantly greater for subjects with
MH or SH than for those with NT or WCHT.

Lurbe and colleagues [48] investigated the prevalence, persistence and clinical
significance of MH in 592 children and adolescents. They concluded that in
children and adolescents, MH is a precursor of SH and LVM.

Finally, in the PAMELA study, Mancia and colleagues [29] discovered that
WCHT and MH, when identified by office and ambulatory measurement or by
office and HBP, are not prognostically innocent.

Hara and colleagues [51] demonstrated in the Ohasama study that CV risk is
higher with MH and similar to that for SH. Taking into account 11 studies and
11,502 participants, Fagard and colleagues [30] established, by means of meta-
analysis, that the incidence of CV events is more important in patients with MH.
More recently, in a meta-analysis of six cohort studies reporting quantitative data
for MH prognosis, Bobrie and colleagues [52] showed that subjects with MH have
a higher risk of CV incidents [hazard ratios: 1.92 (1.51–2.44)] than normotensive
subjects or subjects with controlled hypertension. Consequently, we suggest that
MH and SH subjects have the same CV risk.
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2.3.5 Identification of Patients with Masked Hypertension

For practical and financial reasons, ABPM and HBP monitoring cannot be
performed in all individuals with normal office BP. The decision to carry out such
measurements should be taken according to specific criteria. In the French SHEAF
study involving almost 5,000 treated hypertensive patients (mean age 70 years,
49 % men), Mallion and collegues [53] found that three variables at inclusion
identified a MH profile: age[60 years, office systolic BP[130 mmHg, male sex.
Rasmussen and colleagues [54] showed that a higher daytime than clinic BP was a
much more frequent event among men aged 42 years (82 %) than among men aged
72 years (51 %). Thus, MH is expected to be more frequent in men. Recent results
from the PAMELA study, however, do not support this hypothesis [55]. In this
study, 40.1 % of women and 39 % of men showed a reversed white-coat condition.

Lifestyle factors, and smoking in particular, have been shown to largely
influence the relationship between clinic and ABP [56]. Drinking alcohol [57],
contraceptive use in women [58], and being sedentary [59] are other lifestyle
factors that have been shown to selectively raise ABP. According to some
investigators [60], obesity is another determinant of higher daytime BP, but this
association has not been confirmed by others [49].

Moreover, MH should be diagnosed in patients who are at increased risk of CV
complications, including patients with coronary, cerebrovascular, or kidney dis-
ease, patients with diabetes and other individuals with a high CV risk profile.

2.3.6 Management and Treatment

In the absence of randomized trials, treatment recommendations might be pre-
mature. However, the existence of MH in a patient with CV risk or sign of CV
damage must be an incentive to promote lifestyle recommendations and changes
and even to start treatment. In any case, these patients should be closely monitored.

2.4 Conclusions

From a practical standpoint, it is much easier to suspect the diagnosis of WCHT,
because patients will usually state that their BP is normal at home. In contrast, MH
needs to be looked for, and there are very few clinical hints as to its presence.

A normal BP in the clinical setting does not mean that a patient is not at risk
from an elevated BP, which can occur at other times of the day. This is particularly
true in patients who are treated with antihypertensive drugs that do not include a
full 24-h period. Because most patients take their medication in the morning, BP
values in the physician’s office are often normal, though they may be substantially
elevated at the end of the dosing interval (i.e., during the night and early morning
hours). Thus, in many hypertensive patients, clinic BP may be seemingly well
controlled, but early morning BP, before the patients takes the medication, may be
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elevated thereby increasing the risk of CV events. For both patient and physician,
MH may become a blind spot in the antihypertensive regimen. Pickering and
colleagues [60] have suggested that, for the detection of MH, home BP monitoring
is likely to prove more cost-effective than ABPM.

As to the therapeutic approach, we should remember that WCHT has a benign
prognosis and may often be overtreated; therefore, a conservative approach is
probably justified. Conversely, MH has a more serious prognosis and is often
undertreated; it deserves, therefore, a thorough evaluation and a more aggressive
therapeutic approach.
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