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Abstract

The diagnosis of masked hypertension has been made easier with the widespread availability of
home blood pressure monitoring devices with levels of accuracy comparable to ambulatory blood
pressure monitoring. The negative impact of masked hypertension on cardiovascular morbidity
and mortality is evidenced by numerous well-designed clinic-based and population-based studies.
The relationship of masked hypertension and target organ damage is also well documented. These
two factors, combined with the robust evidence of reduced cardiovascular morbidity and mortality
achieved with blood pressure treatment, makes the argument for actively identifying patients with
masked hypertension and prescribing treatment similar to that for patients with sustained
hypertension. In this paper, we review the evidence for the cardiovascular prognosis of masked
hypertension compared with sustained hypertension, we review its impact on target organ damage,
we propose an algorithm for the treatment of patients with masked hypertension, and we point out
the pitfalls in adopting such an approach.
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Introduction

The combination of out-of-office blood pressure measurements (via ambulatory and home
blood pressure monitoring) with office blood pressure measurements allows clinicians to
identify four types of blood pressure status: normotension, white-coat hypertension, masked
hypertension, and sustained hypertension. Since its introduction by Thomas Pickering in
2002, the term masked hypertension has gained increased attention in the literature [1,2]. In
this paper, we define masked hypertension and its causal mechanisms, and we present the
rationale for treating patients with masked hypertension, as well as some of the pitfalls with
this approach.

Definition of Masked Hypertension

The availability of ambulatory blood pressure monitoring (ABPM) and home blood pressure
measurements (HBPM) has exposed two major forms of discrepancy between office and
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out-of-office blood pressure measurements: white-coat hypertension and masked
hypertension [2]. Patients with white-coat hypertension have elevated office blood pressure
and normal out-of-office blood pressure, whereas those with masked hypertension have
normal office blood pressure and elevated out-of-office blood pressure [2]. The two
thresholds commonly used for this classification are 140/90 mm Hg for office measurements
and 135/85 mm Hg for HBPM or daytime ABPM [3].

Prevalence of Masked Hypertension, Underlying Risk Factors, and
Mechanisms

Depending on the study population, setting, and modality of out-of-office blood pressure
measurement (HBPM or ABPM), the prevalence of masked hypertension lies between 8%
and 20% among untreated adults, and up to 61% among treated adults [3,4]. In a meta-
analysis, Verberk et al. [4] estimated an average prevalence of 16.8% (95% Cl, 13.0-20.5%)
based on 28 studies weighted for the number of subjects. Among children and adolescents,
the estimated prevalence of masked hypertension ranges from 7.4% [5] to 11.0% [6]. The
discussion of masked hypertension in the rest of this paper focuses mainly on adults.

Pickering and colleagues [7] identified two categories of causal mechanisms of masked
hypertension: factors that selectively reduce office blood pressure relative to out-of-office
readings, and factors that selectively increase ambulatory blood pressure. Reduced office
blood pressure in relation to out-of-office blood pressure has been attributed to the
“regression to the mean” phenomenon because hypertension status is always based on an
elevated office blood pressure reading [2]; the absence of diagnostic labeling may explain
lower office blood pressure noted in patients with masked hypertension [8¢]. Several factors
may selectively raise the ambulatory blood pressure relative to office blood pressure. These
include smoking, increased physical activity, alcohol consumption, obesity, and
psychosocial factors such as anxiety, interpersonal conflict, and job stress [8¢,9,10,11e,12].
Other factors such as a younger age and male gender are possible characteristics of patients
with masked hypertension that do not necessarily exclusively affect either of the two
measurements [8¢]. In a Japanese study of 3,400 treated hypertensive patients, factors
associated with masked hypertension were overweight, defined as body mass index (BMI)
of 25 kg/m? or higher (OR, 1.38; 95% ClI, 1.09-1.75) and regular alcohol consumption (OR,
1.37; 95% ClI, 1.09-1.72) [10]. In an Italian study of 1,488 hypertensive patients referred to
a specialist center, the risk of masked hypertension was higher in men than in women (RR,
1.14; 95% ClI, 1.01-1.28) and was higher in current smokers (RR, 1.16; 95% CI, 1.04-1.30)
[13]. Similarly, a study of 694 Chinese people found that women were less likely than men
to have masked hypertension (OR, 0.39; 95% CI, 0.22-0.68) [12]. Finally, we found that
patients with masked hypertension exhibit lower levels of anxiety in the office than those
with white-coat hypertension [11ee]. Poor medication adherence and intake of medication
just before clinic consultation (so that the peak effect is observed) have also been suggested
as possible factors [9].

Rationale for Treatment of Patients with Masked Hypertension

The public health goal of treatment (both pharmacologic and lifestyle interventions) for
patients with a diagnosis of hypertension is the reduction of cardiovascular morbidity and
mortality [14]. Several conditions must be fulfilled to satisfy this public health goal. First,
the diagnosis of hypertension must be relatively easy and accessible. Second, evidence for
the negative impact of hypertension on cardiovascular morbidity and mortality must be
robust. Finally, treatment of hypertension must lead to improved morbidity and mortality
and the prevention of target organ damage. Similar to treatment of patients with diagnosed
hypertension, evidence for the treatment of patients with masked hypertension should also
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be based on the satisfaction of the same conditions. Below, we address each of these
conditions, summarize the evidence for the negative impact of masked hypertension on
cardiovascular morbidity and mortality and its association with increased target organ
damage, and propose an algorithm for the treatment of patients with masked hypertension.

Diagnosis of Masked Hypertension

Today, blood pressure measurement is the most common vital sign taken in ambulatory care
settings, and out-of-office blood pressure measurement, including self-monitoring, has
gained popularity, making it easy to identify patients with different subtypes of blood
pressure status [15]. Unlike patients with white-coat hypertension, who are easy to identify
given their elevated office blood pressure, the objective of making a diagnosis of masked
hypertension is to identify patients who have persistently elevated out-of-office blood
pressure and thus are not receiving treatment or are treated inadequately. Ideally, the “gold
standard” for identifying patients with masked hypertension is ABPM, but recent data
suggest that self-monitoring of blood pressure correctly classifies most cases of masked
hypertension, when compared with ABPM [15]. In a pooled meta-analysis of population-
based and clinic-based studies of masked hypertension by Verbek et al. [4], there was no
statistical difference in the prevalence of masked hypertension as determined by HBPM
(21.1%) and ABPM (16.8%; P=0.42). Thus, the increased popularity of self-monitoring of
blood pressure and the availability of valid and accurate monitoring devices make it
relatively easier to identify patients with masked hypertension.

Prognostic Significance of Masked Hypertension in Predicting Cardiovascular Morbidity
and Mortality

The superior predictive ability of ABPM and HBPM over office blood pressure
measurement is well documented in both cross-sectional and longitudinal studies [3,16-19].
As shown in Fig. 1, several studies of the prognosis of masked hypertension suggest that it
portends risks for cardiovascular morbidity and mortality that are comparable to the risks of
sustained hypertension, both being much higher than those of normotensive patients [3,20—
27]. Verdecchia et al. [26,27] and Pickering and James [23], for example, assessed the long-
term prognosis of masked hypertension using an international ambulatory blood pressure
database, including data from the New York Prognostic Effects of ABPM (NYPEAP); the
Progetto Ipertensione Umbria Monitoraggio Ambulatoriale (PIUMA) from Italy [25,27];
and the Ohasama study [22] and the Jichi Medical School (JMS)-ABPM Study Wave 1
[21,28], both from Japan. In total, 1,272 individuals had normal office blood pressure
(<140/90 mm Hg), of whom 376 had high daytime ambulatory blood pressure (>135/85 mm
Hg); all others were normotensive by both criteria. The authors found that the rate of
cardiovascular events was higher in individuals with masked hypertension than in those with
normal blood pressure (HR, 2.26; P<0.0009) [23]. Several studies [16,21-26,29,30]—
although not all [31,32]—have confirmed these findings. The International Database of
Ambulatory Blood Pressure in relation to Cardiovascular Outcome (IDACO) group, for
example, assessed the risk of masked hypertension in 7,030 individuals randomly recruited
from Belgium, Denmark, Japan, and Sweden [32]. In multivariable analyses, with true
normotension as the reference, the adjusted hazard ratios for all cardiovascular events were
1.22 (95% Cl, 0.96-1.53) for white-coat hypertension, 1.62 (95% CI, 1.35-1.96) for masked
hypertension, and 1.80 (95% ClI, 1.59-2.03) for sustained hypertension [32]. Also, in the
SHEAF (Self-Measurement of Blood Pressure at Home in the Elderly: Assessment and
Follow-up) study [16], using controlled hypertension as the reference group, the relative risk
of cardiovascular events was 1.96 in patients with uncontrolled hypertension, (95% ClI,
1.27-3.02) and 2.06 in those with masked hypertension (95% CI, 1.22-3.47) compared with
patients with white-coat hypertension, whose relative risk was 1.18 (95% Cl, 0.67-2.10). A
Swedish study of untreated elderly men also observed a higher cardiovascular risk in
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patients with masked hypertension than in normotensive individuals [29]. During the follow-
up, the incidence of cardiovascular events (number of cases per 100 patient-years) was 0.99
for normotensive individuals, 2.74 for those with masked hypertension, and 3.14 for
hypertensive patients. In a multivariate analysis, using normotensive subjects as the
reference, masked hypertension (HR, 2.77; 95% CI, 1.15-6.68) and hypertension (HR, 2.94,
95% Cl, 1.49-5.82) were significant predictors of cardiovascular morbidity [29].

Impact of Masked Hypertension on Target Organ Damage

Several studies have examined target organ damage in the context of the four types of blood
pressure status (normotension, white-coat hypertension, masked hypertension, and sustained
hypertension), with a particular focus on the relationship between masked hypertension and
target organ damage. Liu and colleagues [33] first brought attention to the issue of target
organ damage in masked hypertension in 1999. In this seminal study of 61 masked
hypertensives, 64 sustained hypertensives, and 234 true normotensives, patients with
masked hypertension had a left ventricular mass index (LVVMI) that was on average 13 g/m?
higher than in normotensives (95% CI, 8-18 g/m?) and more prevalent carotid plaque (28%)
than true normotensives (15%) (P<0.05); those with masked hypertension thus were similar
to the sustained hypertensives [33]. Subsequent studies, summarized below, have since
examined target organ damage in patients with masked hypertension, considering
antihypertensive treatment status and masked hypertension in children.

Target Organ Damage and Masked Hypertension in Untreated Populations—
Studies with untreated individuals have generally confirmed the findings of Liu et al. [33]
and found that masked hypertensives have more target organ damage than true
normotensives; they have levels of target organ damage comparable to those of sustained
hypertensives or have intermediate levels between true normotensives and sustained
hypertensives [34-36]. An analysis from the PAMELA study, a longitudinal epidemiologic
study of 3,200 Italian men and women (of whom 1,637 were untreated) demonstrated a
higher LVMI and higher prevalence of left ventricular hypertrophy (LVH) among masked
hypertensives than among true normotensives, but lower LVMI and LVH prevalence than
among sustained hypertensives [36]. In a study of 1,535 untreated individuals, Kotsis et al.
[34] found that masked hypertensives on average had higher LVMI and carotid intima media
thickness (cIMT) than normotensives. In their study of 282 untreated individuals, Matsui et
al. [35] reported that cIMT was highest among masked hypertensives compared with the
other categories of hypertensive individuals (mean, 1.01+0.17 mm for masked hypertension
vs 0.84+0.16 mm for normotension; P<0.001). Additionally, masked hypertensives had
significantly higher pulse wave velocity (PWV, a measure of arterial stiffness) than
normotensives (1949+266 cm/sec vs 1677+298 cm/sec; P<0.001), but the PWV for masked
hypertensives was comparable to that of sustained hypertensives (2028+305 cm/sec) [35].

A few studies in untreated patients have not demonstrated a consistent relationship between
target organ damage and masked hypertension [29,37,38]. In the Uppsala Longitudinal
Study of Adult Men, a population-based cohort study of untreated elderly men, masked
hypertensives and true normotensives had a similar mean LVMI. However, masked
hypertensives had higher relative wall thickness than both the normotensive and sustained
hypertensive groups, suggestive of more concentric remodeling (a precursor of concentric
LVH) in the masked hypertensives than in the other groups [29]. Bombelli et al. [37], in an
analysis of 1,653 untreated individuals of the PAMELA cohort, did not find an association
between masked hypertension and left ventricular mass. Ormezzano et al. [38] found no
significant differences in L\VMI between masked hypertensives and the normotensive group
(81.1221.7 g/m? vs 79.3+16.7 g/m?; P=0.99) and no differences in intima media thickness
(664+107 pum vs 626+75 pm). However, among the 136 patients of this cohort with
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measurements for PWV, masked hyper-tensives had a statistically higher PWV (9.58+1.55
m/sec) than normotensives (8.59+1.38 m/sec).

Target Organ Damage and Masked Hypertension in Treated Patients—Masked
hypertension in treated patients suggests inadequate treatment and poor blood pressure
control, so it is not surprising that several studies demonstrate more target organ damage in
treated patients with masked hypertension than in those whose blood pressure is controlled.
For example, in a prospective study of 80 nondiabetic hyper-tensive patients on
antihypertensive treatment with a mean follow-up of 30 months, a decrease in LVMI
(117+23 g/m? at baseline, 95+22 g/m? at follow-up; P<0.01), prevalence of LVH with
concentric remodeling (45% at baseline, 19.5% at follow-up; P<0.01), and
microalbuminuria (13.9% prevalence at baseline, 3.9% at follow-up; P< 0.05) was seen in
patients who achieved BP control on ambulatory and clinic measurements [39]. The masked
hypertension group (ie, the group that did not achieve ambulatory control) showed no
significant improvement in cardiac structure (mean LVMI, 114+25 g/m? at baseline, 102+20
g/m2 at follow-up; P = NS), prevalence of LVVH with concentric remodeling (46.0% at
baseline, 34.4% at follow-up; P = NS), or microalbuminuria (13.7% prevalence at baseline,
10.3% at follow-up; P = NS) [39]. Among hypertensive diabetics with mild to moderate
kidney disease, those with masked hypertension had higher LVMI (13815 g/m?2) than those
with well-controlled hypertension (105+8 g/m?2)[40]. Pierdomenico et al. [41] found that
treated patients with masked hypertension were almost twice as likely to have LVH and had
double the cardiac event rate, compared with the well-controlled group. Tomiyama et al.
[42] reported that masked hypertension was an independent determinant of LVVH ($=0.136,
P=0.01), carotid atherosclerosis ($=0.157, P=0.003), and albuminuria (3=0.114, P=0.042)
among 332 treated patients in Japan. Finally, in a recent analysis of 617 patients in the
African American Study of Kidney Disease (AASK) trial, Pogue et al. [43e¢] reported higher
left ventricular mass and prevalence of LVH among masked hypertensives compared with
true normotensives (LVVH prevalence, 69.8% vs 54.1% respectively; P<0.01).

Target Organ Damage and Masked Hypertension in the Young

A small number of studies have examined target organ damage and masked hypertension in
children and adolescents [44,45]. Lurbe et al. [5] studied 234 youths ranging in age from 6
years to 18 years (mean, 10 years), comprising 200 normotensives and 34 youths with
masked hypertension. Masked hypertensives had significantly higher LVMI than
normotensives (34.9+8.8 g/m2-7 vs 29.6+4.8 g/m27 respectively, P=0.023). About 9% of the
masked hypertensive children progressed to sustained hypertension by the 12-month follow-
up, whereas none of the normotensive children progressed to sustained hyper-tension [5]. In
another study of 85 children referred to a hypertension referral center in Athens, Greece,
Stabouli et al. [45] found that those with masked hypertension had significantly higher left
ventricular mass than normotensive children (31.9+2.9 g/m?7 vs 25.3+5.6 g/m2-7, P<0.05),
but they found no differences in carotid intima media thickness.

Treatment of Patients with Hypertension Reduces Cardiovascular Risk and
Complications

There is abundant evidence from rigorous clinical trials that treatment of patients with
hypertension leads to significant reduction in cardiovascular morbidity and mortality, as
well as prevention of target organ damage [14]. Most of the cardiovascular risk reduction
has been attributed to blood pressure reduction rather than to the specific antihypertensive
agents. It is thus logical that treatment of patients with masked hypertension, which portends
similar risk as sustained hypertension, should yield comparable reduction in cardiovascular
morbidity and mortality. It would be ideal to have evidence from clinical trials that treatment
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of patients with masked hypertension will lead to significant reductions in cardiovascular
morbidity and mortality, but the lack of such evidence does not obviate the need to treat this
group of patients, especially given the epidemiologic data, which strongly suggest that the
relationship between blood pressure and cardiovascular risk is continuous [46]. Furthermore,
patients with masked hypertension are undoubtedly hypertensive by out-of-office
measurement, and their risk of cardiovascular events and mortality is strikingly similar to
the risk in patients with sustained hypertension. Thus, we will be remiss in withholding
treatment from this group.

Proposed Treatment Algorithm for Patients with Masked Hypertension

Now that we have made the argument that patients with masked hypertension should be
treated, based on the increased cardiovascular risk and target organ damage, what should a
treatment algorithm look like? Figure 2 depicts a proposed algorithm. All patients who have
high normal office blood pressure (130-139/85-89 mmHg) should undergo HBPM or 24-h
ABPM to rule out masked hypertension. If patients are found to have masked hypertension
(>135/85 mm Hg by either HBPM or ABPM), the 24-h ABPM should be repeated within 2
months, to confirm the diagnosis (similar to the recommendation for diagnosis of
hypertension). Those patients whose HBPM reading lies in the range of 125-135/76-84 mm
Hg should undergo confirmatory ABPM, because the rate of masked hypertension is much
higher in patients whose blood pressure is in the high range of prehypertension [47,48].
Once masked hypertension is confirmed, patients should undergo comprehensive
cardiovascular risk assessment (including ECG, fasting lipid profile, fasting glucose, basic
metabolic profile, and urinalysis), and they should be treated with antihypertensive
medications, similar to patients with sustained hypertension.

Pitfalls of the Proposed Algorithm

Two important caveats should be noted in using the proposed algorithm. The first (and
probably the most important) issue in masked hypertension is the reproducibility of
measurements. Only two published studies have examined this issue: In the study by Lurbe
et al. [5], the diagnosis of masked hypertension persisted in 40% of the children studied over
a 3-year period. In the second study, of 2,189 treated hypertensive patients, the prevalence
of masked hypertension on two separate occasions (1319 days apart) based on office
monitoring, and HBPM increased from 11% to 17%, with a diagnostic agreement (the total
number of patients classified identically by the clinical measurement) of 74% and 75% on
the two occasions [49].

The second issue is how patients with masked hypertension can best be identified in the
office setting, given that they all have normal office blood pressure. Proper identification of
patients requires adequate risk stratification, because screening all patients with normal
office blood pressure would be prohibitively expensive and unsustainable in any healthcare
system. One approach proposed is to screen only those patients whose office blood pressure
is just under the upper limit of normal, given that the office blood pressure of most patients
with masked hypertension (especially smokers and the young) is in the high normal range
[48]. Furthermore, the proposed algorithm addresses this issue by confirming the masked
hypertension diagnosis with a repeat ABPM measurement at least 2 months after the initial
diagnosis.

Conclusions

There are three major reasons to treat hypertension: to reduce target organ damage, to reduce
cardiovascular risk, and to prevent complications. All three conditions are satisfied by recent
data indicating that patients with masked hypertension have higher target organ damage than
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normotensives and a cardiovascular risk profile similar to the profile of patients with
sustained hypertension. The pitfalls lie largely in the need to identify patients who are at
high risk for masked hypertension and the lack of data on the reliability and reproducibility
of the diagnosis of masked hypertension.
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Treated hypertensives
Pierdomenico et al. [41]
128 MH/742, 63 events

Bobrie et al. [16]
462 MH/4999, 324 events

Untreated hypertensives
Bjéridund et al. [29]
82 MH/578, 72 events.

Mixed
Fagard et al. [31]
31 MH/391, 86 events.

Ohubo et al. [22]
221 MH/1332, 152 events

Hansen et al. [32]
211 MHA700, 156 events

Total

Fig. 1.
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Cardiovascular prognosis of masked hypertension. This shows a meta-analysis of the six
cohort studies comparing quantitative data for the cardiovascular prognosis of patients with
masked hypertension with data for normotensive individuals or patients with controlled
hypertension. The boxes and horizontal lines represent the hazard ratio and 95% confidence
interval for each cohort. MH—masked hypertension. (Adapted from Bobrie et al. [3], with

permission)
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Fig. 2.
Algorithm for evaluating and treating masked hypertension. BP—blood pressure
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