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Introduction

“We also propose that the phenomenon might be called ‘masked hypertension,’ on 
the grounds that the hypertension is not detectable by the routine methods” [1].

With those words, previously awkward and clumsy terms such as “reverse white-
coat hypertension” and “white-coat normotension” became merely historical de-
scriptions of another phenotype of hypertension. This new term, coined barely more 
than a decade ago, afforded a clarity in its description that earlier terms did not.

The advent of 24-h ambulatory blood pressure monitoring (ABPM) and home 
blood pressure monitoring (HPM) added additional information and insight to the 
usual site of blood pressure (BP) measurement—the office blood pressure (OBP). 
These additional readings allowed the categorization of patients into four pheno-
types:

1.	 Normotensives—those with normal OBP and ambulatory blood pressure (ABP)/
home blood pressure (HBP)

2.	 Sustained hypertensives—those with elevated OBP and ABP/HBP
3.	 White-coat hypertensives—those with elevated OBP yet normal ABP/HBP
4.	 Masked hypertensives—those with normal OBP yet elevated ABP/HBP

Hypertension is well recognized as a major modifiable factor contributing to key end 
points—including stroke, cardiovascular disease (CVD), and chronic kidney dis-
ease (CKD). The identification and treatment of patients with hypertension clearly 
benefit patients with this condition. Traditionally, hypertensive patients were identi-
fied on the basis of casual blood pressure or OBP. These are the classic sustained 
hypertensives. Much of the data regarding attributable risk for CVD and CKD in 
hypertension are derived from this population. This is largely because they were 
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diagnosed and classified as hypertensives based on OBP long before the widespread 
usage of HPM and ABPM in clinical trials. The advent of HPM and ABPM has 
confirmed that for many patients with elevated OBP, there is a persistency that ex-
tends to out-of-office readings now defined as sustained hypertension. But there is 
little doubt that at least some patients with isolated OBP elevation (white coat) were 
rendered into this category in the earlier studies. More recently, with greater use of 
out-of-office measurement, there has been not only greater interest but also greater 
need to ascertain where on the spectrum from normotensive to sustained hyperten-
sive does the risk lie for these other previously difficult-to-categorize patients—
those with elevated HBP in the presence of normal OBP and the reverse and those 
with normal HBP and elevated OBP. Recent observations revealing that white-coat 
hypertension is not a totally benign condition, but is associated with some long-term 
risk, have reinforced the concept that BP needs to be accurately measured in settings 
other than the clinic or office.

Defining a patient as hypertensive, warranting long-term treatment, needs dem-
onstration that the measured BP is associated with not only long-term risk without 
treatment but also the reduction of that pressure results in improved outcomes. So 
where does masked hypertension exist in this continuum of BP? Is this condition 
associated with target organ damage (TOD), especially as it relates to CVD and 
CKD end points, and resembles the normotensive or the sustained hypertensive 
phenotype?

Cardiovascular and Cerebrovascular Risk

A pivotal study, utilizing the measurement of both OBP and ABP, compared nor-
motensives, masked hypertensives (referred to as white-coat normotensives in the 
manuscript), and sustained hypertensives. They demonstrated a 20 % prevalence 
of masked hypertension. Both masked hypertensives and sustained hypertensives 
had significantly higher left ventricular (LV) wall thickness and mass compared 
to normotensives. LV index (LVMI) was similar between masked (86 g/m2) and 
sustained hypertensives (90 g/m2) despite OBP differences of 35/16 mmHg and, as 
expected, there was a much narrower difference in the awake ABP (14/6 mmHg). 
Also, masked hypertensives evidenced greater carotid intimal medial wall thick-
ness (cIMT), cross-sectional area, and higher prevalence of atherosclerotic plaque 
compared to sustained normotensives [2]. Additional studies also support these 
findings, demonstrating increased incidence in LV hypertrophy (LVH) [3, 4], LV 
mass index (LVMI) [3–5], LV wall thickness [3, 6], and cIMT [4, 5, 7]. Masked hy-
pertension, compared to normotensive patients, is also associated with an increase 
in cardiovascular (CV) events [3, 6, 8–10]. The Ohasama study, using HBP mea-
surement, detected greater risk of silent cerebrovascular lesions in both masked and 
sustained hypertension than in both white-coat and normotensive populations (see 
Table 10.1) [11]. In these trials, the data suggest that masked hypertension more 
closely resembles sustained hypertension than normotension.
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The data for the masked hypertension and CKD are much more sparse. One 
study, albeit small, did demonstrate that patients with masked hypertension and 
CKD did exhibit an increased risk to the development of end-stage renal disease 
(ESRD) compared to normotensive patients [12]. Much of the available data, how-
ever, relate to the prevalence of masked hypertension in a CKD population [13, 14].

A large database of over 7000 individuals from four countries that included 
treated hypertensives examined outcomes based on both ABP and clinic BP. The 
adjusted hazard ratios for all CV events with normotensive as the referent were 
1.22 (95 % CI = 0.96–1.53; P = 0.09) for white-coat hypertension (OBP ≥ 140/90 and 
ABP < 135/85 mmHg); 1.62 (95 % CI = 1.35–1.96; P < 0.0001) for masked hyperten-
sion (< 140/90 and ≥ 135/85 mmHg); and 1.80 (95 % CI = 1.59–2.03; P < 0.0001) for 
sustained hypertension (≥ 140/90 and ≥ 135/85 mmHg) [8].

More recently, an analysis of an 11-country International Database on Ambula-
tory Blood Pressure in Relation to Cardiovascular Outcomes (IDACO) revealed 
that untreated diabetics with masked hypertension exhibited higher risk. During the 
median of 11 years of follow-up, using a composite CV end point (fatal and nonfatal 
stroke, transient ischemic attack (TIA), death from ischemic heart disease, sudden 
death, nonfatal MI, angina pectoris, coronary revascularization, fatal and nonfatal 
heart failure, and fatal and nonfatal peripheral artery disease), the adjusted risk for 
untreated masked diabetic patients was almost twice as high as normotensives (HR, 
1.96; 95 % CI 0.97–3.97; P = 0.059) and similar to untreated stage 1 hypertensives 
(HR, 1.07;CI, 0.58–1.98; P = 0.82) and less than untreated stage 2 hypertensives 
(HR, 0.53; CI, 0.29–0.99; P = 0.048). A major limitation of these data is the rela-
tively small numbers of patients and events in each group [15].

Table 10.1   Higher risks associated with masked hypertension
LVH LVMI LV wall cIMT CV events CVA ESRD
Sega et al. [3] Liu et al. [2] Sega et al. 

[3]
Kotsis et al. 
[5]

Bobrie et al. 
[10]

Hara et al. 
[11]

Agarwal 
and Ander-
sen [12]

Tomiyama 
et al. [24]

Sega et al. 
[3]

Hanninen 
et al. [4]

Bjorklund et 
al. [6]

Pierdomenico 
et al. [19]

Kotsis et al. 
[5]

Hansen et al. 
[8]

Mancia et al. 
[9]

Hanninen 
et al. [4]

Kuriyama 
et al. [23]

Matsui et 
al. [7]

Pierdo-
menico et al. 
[19]

Pogue et al. 
[25]

Hansen et al. 
[8]
Franklin et 
al. [15]
Angeli [20]

Bold-treatment naïve population
LVH left ventricular hypertrophy, LVMI left ventricular mass index, LV wall Left ventricular wall 
thickness, cIMT carotid intimal medial thickness, CV events cardiovascular events, CVA cerebro-
vascular accidents, ESRD end-stage renal disease
a Not all results are statistically significant, but may trend towards higher risk than referent 
normotension
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Limitations

Among the limitations affecting the calculations of the true prevalence of masked 
hypertension in CKD are several factors. From study to study, there are key differ-
ences in their methodology. These differences range from the timing of BP readings, 
the number of readings performed, and even the definition of what constitutes the 
threshold reading to confirm the diagnosis of hypertension in the CKD population. 
Further complexity is added by including within the analysis two, perhaps very dif-
ferent, populations—the treatment naïve and the currently treated. Only one utilized 
a treatment-naïve population [7] while others incorporated treated patients [16–20].

Traditionally, masked hypertension refers to treatment-naïve patients, but the 
definition has been expanded by many to include those patients who are treated with 
antihypertensive medications and whose patterns resemble those of masked hyper-
tension–normal OBP with elevated HBP or ABP. These partially treated patients 
have been included, to at least some extent, in many of the studies assessing risk 
(see Table 10.2). The inclusion of these partially treated patients with the treatment-
naïve masked hypertensives makes the assessment of true risk more difficult. The 
extent to which this influences the assessment of risk for TOD is unknown. Some 
authors believe that the definition of masked hypertension should be restricted to 
only those treatment-naïve patients—all others on treatment should be considered 
as patients with incomplete control of hypertension with partially treated sustained 
hypertension [21]. Others contend that the pattern of BP may be either sustained, 
masked, or white coat, all reflective of an underlying pattern of hypertensive phe-
notype.

The pretreatment patterns are not known for these patients. Were clinic BP read-
ings less proportionally elevated than the HBP and ABP readings prior to treatment? 
Could these partially treated patients represent part of the spectrum of masked hy-
pertension? Some data may suggest that. In a small prospective trial on nondiabetic 

Includes treated Treatment naive
Bobrie et al. [10] Bjorklund et al. [6]
Pierdomenico et al. [19, 20] Franklin et al. [15]
Pogue et al. [25] Selenta et al. [36]
Hara et al. [11] Sega et al. [3]
Tomiyama et al. [24] Matsui et al. [7]
Ohkubo et al. [37]
Ben-Dov et al. [31]
Uchida et al. [18]
Kuriyama et al. [23]
Hanninen et al. [4]
Mancia et al. [9]
Kotsis et al. [5]
Hansen et al. [8]

Table 10.2   Treatment status 
of masked hypertensives in 
outcome studies
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treated hypertensives, those patients who were able to achieve BP control in both 
OBP and ABP settings demonstrated reduction in LVMI and microalbuminuria, 
along with other indices. In contrast, those patients whose OBP was controlled, but 
not the out-of-office readings, demonstrated no such benefit [22]. These data have 
been confirmed by other authors in different CKD populations. Even in treated hy-
pertensives whose OBP has achieved normalization, if HBP or ABP remain elevat-
ed, there exists an increased risk for adverse outcomes including increased LVMI 
in diabetics with CKD [23], carotid artery disease and LVH [24], LVH and cardiac 
events [19], and prevalence of LVH [24], and stroke [25]. The extent to which this 
simply represents the impact of hypertension load upon TOD is not known. Inter-
estingly, in the African-American Study in Kidney Disease (AASK) of 61 % of 
patients with controlled clinic BP, 70 % demonstrated elevated BP outside the office 
setting—a masked pattern [26].

Home Versus Ambulatory Blood Pressure Measurement

Defining a patient as exhibiting masked hypertension requires measurement of 
blood pressure out of the usual office setting. It may be done with either self-mea-
surement at home or with ABPM. There is no general agreement regarding the use 
of HPM or ABPM to diagnose masked hypertension. Sega and colleagues found 
only a 57 and 45 % association between ambulatory and home diastolic BP (DBP) 
and systolic BP (SBP), respectively, suggesting that these measurements are not 
equivalent [3]. Others have suggested little difference [27]. A recent paper sug-
gested that the method by which BP is measured in the office may also influence 
the diagnosis of masked hypertension. It appears that an automated measurement 
of office BP results in a lower prevalence rate of masked hypertension compared 
to the conventional manual readings. The manual method also results in a greater 
inconsistency from visit to visit [28]. This concern is addressed to some extent by 
the work of Ben-Dov and colleagues who found that 72 % of patients initially classi-
fied as masked hypertension remained so upon repeat ABPM [29]. Work of Picker-
ing et al. gave evidence that a single ABPM may not prove sufficient to phenotype 
hypertensive patterns [30].

There do seem to exist certain patient types who may have increased likeli-
hood of exhibiting masked hypertension. Generally, these are males—some sug-
gest younger, some older [2, 8]—with a history of cigarette smoking, exercise, job 
stress, and alcohol consumption [31–34], with a disproportionate number of diabe-
tes. Additionally, the presence of high-normal SBP and DBP in the clinic accompa-
nying some of the aforementioned factors may result in an elevated suspicion for 
the presence of masked hypertension, necessitating further evaluation [2, 4, 8, 33, 
35]. Multivariate correction for these underlying factors does not suggest that they 
are responsible for the increased TOD demonstrated in these studies.
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Prevalence

The determination of the prevalence of masked hypertension in the population is 
difficult to determine based on the literature. Estimates range from 8 to 20 % in 
the general population up to 61 % in treated patients [26, 34, 36–38]. Many of the 
factors in the discussion of CKD also loom regarding prevalence in the general 
population. Populations reported often include treatment-naïve as well as treated 
hypertensives. There is no single consistent method for clinic BP measurement, 
and often no universal agreement on abnormal BP levels, especially in diabetes 
mellitus (DM) and CKD. Also, there is some evidence that masked hypertension 
may be “unmasked” through the use of a low-intensity exercise stress test; a recent 
well-designed retrospective study suggests otherwise [39, 40]. The authors in the 
later study utilized both 24-h ABPM and at least two exercise stress tests and found 
not only no relationship to establish a diagnosis of masked hypertension but also 
poor reproducibility in the hyperdynamic response to exercise. It is not unrealistic 
to anticipate that persistent and chronic elevation of BP in an out-of office setting 
would result in increased risk for TOD—including CVD, CKD, and microalbumin-
uria. Masked hypertension may impact TOD simply because hypertension load is 
increased in this population as well as the sustained hypertensive.

Conclusions

The proper management of hypertension increasingly relies upon the measurement 
of BP beyond the traditional office setting. This becomes imperative not only for 
determining the proper phenotype of the hypertension but also for modification 
and adjustment of therapies. If clinicians and patients are unwilling to incorporate 
this in all patients under consideration for the diagnosis of hypertension or under-
going treatment, then what strategies might one use to find this often-difficult-to-
discern phenotype? Certain patient types may have greater likelihood of presenting 
as masked hypertensives:

1.	 Patients who present in the office with normal OBP but evidence of TOD.
2.	 A high-normal or borderline hypertensive patient, especially if male, smoker, 

with a high-stress job, as well as other additional risk factors should be consid-
ered at higher risk for this condition and evaluated further.

3.	 Consider the out-of-office assessment in all patients with family history of 
hypertension and high-normal OBP.

4.	 Consider systematic evaluation for patients who report HBP being elevated 
despite normal OBP.

5.	 Consider the diagnosis in those patients who demonstrate a hypertensive response 
to exercise although this would not be diagnostic.

The measurement of BP outside the office can be expected to increase over the next 
decade to perhaps being the norm rather than the exception. With widespread use, 
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one can anticipate the ability to more clearly identify and treat these individuals, re-
gardless of their baseline or posttreatment hypertensive phenotype. However, given 
the wide variability in BP levels with our current method of BP measurement, it is 
likely that some patients will remain undiagnosed and therefore untreated, and thus 
vigilance for evidence of TOD will remain part of the management of patients with 
both confirmed and suspected hypertension [41].
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