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Table 2 Baseline clinical characleristics of study subjects
E/A ratio > modan EVA ratio < median
Male > 0.84 Male = 0.84
Fomale > 0.82 Fermale < 0.82
Low Si0 High Si0 Low S/D High S0

Male < 1,31 Males >1.31 Made < 1.77 Male >1.77
Varablas Female < 1.51 Female > 1.51 Femala < 1.81 Femala > 1.81
n 177 178 175 178
Mala (%) 509 508 50.3 50.3
Age (years) 52.7 +14.2% 60.5:0.4'" 85.7 9.0’ 87.0 483
Body mass index (kg/m?) 24,1437 243:33 244 :33 242430
Duration of hypertensson (years) 1.e+102% 120 +9.0% 183 4102 17.94 104"
Smoking status (3}

Never/past/curment 54.0/27.8/18.2 554123215 54.3/308/14.8 50.3/37.7112.0
Pulse prassure (mmHg) 60.3+ 15.1° 6101112 64.0 £ 13.7° 654 1+ 150
Heart rate (bpm) 659189 659194 673:85 68.1:75
Diabetes (%) 188 17.4° 28.0 209°
Total cholestarol (mmol) 5.28 + 0,88 5.25+0.77 5131070 5.23 1 0.84
Tnglycendes (mmol/l) 1.50+1.53 1.45 = 0,89 1.49 £0.85 1504076
High-density lipopr cholestorol 1.40 4 0.44% 1.34 £ 0,40 1.27 + 0.34' 1.24 4039
LAD (em) 354 + 0,44/ 385+ 040 3687 -0.48* 368+ 0.45
LM (gim®) 12334 + 3628 12458 = 31.12 127.35 + 35.23 132.19 4+ 32.58°
Ejection fraction (%) T0.54 + B.64 7.76£7.10 71.88 £ 7.74 72584 7.01°
E/A ratio 1.15 + 0.28% 1,02+ 0179 071 +0.00' 06854011
DcT (ma) 206.2 + 36.5" 216.7 + 38.0 243.0 431" 263,74 5208
S/D ratio 1.19.£0.20% 168 £ 024" 1,54 £ 0.19' 21440339
Peak PV, velocily (mis) 0.26 + 0.08% 0.28 + 0.05 0.30 + 0.08' 0.314£0.10
ARdur - A (ma) 28.9 + 30.8 29.6 + 28.3 3143280 ~28.9+ 26.6
Diastolic filling pattams (%)

Normal filling 53.7% 44.9% o' o'

Impaited relazation 396" 581" 100.0' 100.0'

Pueudonarmal filling 5.8% o' o' o'

Restrictoen filling 1.1 0 0 (]
Antihypertensive modication (%) 87.2% 70.8' 85.8' 85.9'

Caloium channel blocker 520" 628" 78.7' 71.8'

Bets-blocker 209 Nns 22.3 234

ACE] or ARB 32.4 320 349 38.3

Diuretic 135 1.1 8.8 25.8'
Numbar of CVD events 5 10 13 28’
ACEI ang i g enzyma ink 3 Ay, the d of atriad filling wave, ARB, angiotensin il receptor blocker, ARdur, the duration of flow at atnal contraction, A-
velocity, the peak of atrial diastobc phase filing; CVD, cardi ular o DeT, the decel 1 time of early diastolic LV filing, E/A, the rabo of peak eary to late

diastolc: fillng velocity, E-velocity, the peak of sarly diastobe phase filing; LAD, left atral dmenssan; L VML, left ventricular mass index. PV, pulmonary vein atrial reversal, S/D,

the ratio of T.I‘mrulmm.lry venous systolic velocity to diastolic velocity. Data e mean

P 0.05 and *P - 0.01 varsus low 5/D ratio and low E/A.
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Cardiovascular avent-free survival in four groups stratified by both
baseline peak velocity ratio of the pulmonary venous systolic to dustolic
wave (5/0) and peak tranamitral velocity ratio of early diastolic 1o atrial
filing (E/A) (log-rank y° = 28,084, P<0,01).

+ SD or percentage. *P< 0.05 and 'P< 0.01 versus low S/D ratio and high E/A.

Discussion

The present study demonstrated that che relationship
berween a high 8/D raco and CVD nsk s significant,
and persisted after muluvaniate Cox regression analysis
including aditonal nsk factors. The combinaton of high
8/D and low E/A was a powerful independent predictor of
CVD events. Moreover, even in the subgroup with low
E/A, high 87D was a significant predictor of CVD events,

Our results were partially in accordance with a previous
report [13] that more than 95% of our study subjects had
‘normal diastolic functon’ or *mild diastolic dysfunction’,
In additon, only 0.3 and 1.4% of the subjects were
identified as having a ‘restrictive pattern’ and “‘moderate
diastolic dysfuncuon (pseudonormal pattern)’, respect-
ively. Therefore, pseudonormal or restrictive physiology
is unlikely to affect the results observed in the present
study to a significant degree.

Our results showed that a high 8/D ratio is independently
associated with CVD risk, and suggest chat the assessments
of PVF by wansthoracic cchocardiography, simple
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Table 3 Combined effects of the peak velocity ratio of the pul
ratio of early diastolic to atrial filling (E/A) ratios as predi

ystolic to diastolic wave (5/D) and peak transmitral velocity
lar disease events

Crude Risk factoradjusted model®
Varables HR (85% Cl} P HR (85% Ch P
S/D and E/A
Low S/D and hugh E/A 1 (reference) 1 (reference)

High S/D and high E/A 1.480 (0.88~2.65) 0,140 1.402 (0.83-2.53) o211

Low S/D and low E/A 1.720 (1.05-3.04) 0.020 1.380 (0.84-2.48) 0.208

High S/D and low E/A 2.662 (1.72-4.57) < 0,001 2.158 (1.40-3.70) 0.001
Age, 1 year 1.05@ (1.03~1.08) < 0.001 1,032 (1.00-1.08) 0.040
Diabetas, yes 1,449 (1,10~ 1.89) 0.010 1.301 (0.88-1.70) 0.087
Pulse pressure, 1 mmHg 1.031 (1.02-1.08) < 0,001 1,015 (1.00-1,08) 0.118
LAD, 0.1 em 1.010 (1.00-1.01) < 0,001 1.002 (1.00-1.01) 0.428
LVML, 1 g/m? 1.017 (1.01-1.02) < 0,001 1.015 {1.01=1.02) < 0,001
Cl. confidanca intarval: HR, harard ratio: LAD, left atnal dimension; LVML left ventricular mass ndex " Adjusted by age, dist pulse pr , LAD, and LVMI

methaods of assessing left atrial diastolic filling [29,30], are
useful for predicting the risk of CVD in essential hyper-
tension. The precise mechanisms by which the risk for
CVD becomes higher with increasing $/D ratio arc unclear;
there are, however, several hypothetical mechanisms:
LVMI, an established independent predictor of CVD in
hypertension [31], was higher in padents with higher 8/D
ratio, but the association berween a higher §/D ratio and
CVD was stadstcally independent of LVMI in mulo-
variate analysis; in normal LV functon, the §/D rato
positively correlates with lefc awmal reservoir function
[32], which may reflect the cumulative effect of filling
pressures over time; and the activated renin—angiotensin—
aldosterone system and brain namuretc peptide, which
are importantly involved in the development of hyperten-
sion and CVD, strongly promote myocardial remodeling,
resulting in increased §/D rano.

One notable resule of this study is that, 1n essental
hyperiension, the combination of a high §/D and low
E/A was a powerful independent predictor of CVD
events, and this is especially noteworthy because of the
relatively short follow-up of this study. More importanty,
in the group with low £/A, the nisk of CVD became higher
with increasing S/D ratio, and thus, the assessment of S/D
ratio adds prognostic information especially in subjects
with low £/A. The fact that the association between the
group with high S/D and low £/A and an increased risk for
CVD was present even in those with ‘normal diastolic
function” or ‘mild diastolic dysfunction’ suggests that
evaluation of both mirral valve flow (MVF) and PVF
may help identify essential hypertensive subjects without
clinical evidence of CVD who are predisposed to adverse
outcomes. This result may have been introduced because
of advanced age, higher pulse pressure, and longer
duration of hypertension, which are established risk fac-
tors for CVD, in subjects with high 8/D and low E/A. On
the other hand, the diastole phase of PVF resembles carly
mitral flow, while systolic forward flow is inHuenced by
left atrial compliance, atrial relaxation, mean left acrial
pressure, descent of annuals toward the left ventricular
apex, and right ventricular contraction [33]. Previous

reports have shown that PV, associates with LV preload
|34] and left atrial pressure [35]. In addition, the $/D ratio
positively correlates with left atrial pressure in subjects
with normal LV function [32]. Thus, in subjects with £/4
under median values, an increased S/ ratio may suggest
the presence of worse left atrial function, increased LV
preload, and worse right ventricular contraction. Evalu-
ation of pulmonary §/2 in addition to mitral £/A may help
to assess not only LV diastolic function, but also left atrial
and right ventricular function, and thus may provide
clinically sensitive prognostic information in patients with
essential hypertension. A previous study [36] as well as
the present study found that it was possible to obtain
high-quality recordings of PVF in more than 80% of the
patients by transthoracic echocardiography with daily
pracrice, and thus, we suggest routine evaluation of not
only MVF, but also PVF. With respect to the ARdur
and peak PV, velocity, we could not find a significant
association between these variables and CVD risk,
possibly because these variables are usually normal in
mild diastolic dysfunction [37].

A previous report showed that control of hypertension
and regression of cardiac hypertrophy improved LV dias-
twlic dysfunction [38]. Because our study population
included pacients with treated essential hypertension
at the beginning of the study, our results suggest the
importance of evaluating diastolic dysfunction to assess
CVD risk, cven in patients receiving antihypertensive
medication. These results could, however, underesti-
mate the involvement of blood pressure or PVF uself
in the development of diastolic dysfuncuon and CVD
events. Another limitation was the lack of control aver
occasional changes in the antihypertensive regimens over
time. The deceleration time of PV, which is also useful
for estimating pulmonary capillary wedge pressure as a
measure of left atrial pressure [39], was not included in
this study because it is useful only in patients with a
relatively slow heart rate [40]. Severe mitral regurgitation
or severe systolic dysfunction can influence PVF, and our
findings may not be applicable to hypertensive patients
with these other concomitant conditions.
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In conclusion, vur findings suggest that impaired diastolic
function evaluated by increased §/D or decreased £/A on
the baseline Doppler echocardiography is associated with
an increased nsk of CVD, and the combination of high
§/D and low £/A may be a powerful predictor of CVD in
essential hypertension. PVF evaluation by Doppler echo-
cardiography may provide clinically important prognostic
information in patents with essential hypertension.
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Masked Hypertension: Subtypes
and Target Organ Damage

YUHEI KAWANO, TAKESHI HORIO,
TETSUTARO MATAYOSHI, AND KEI KAMIDE

Division of Hypertension and Nephrology, National Cardiovascular Center,
Fujishirodai, Suita, Osaka, Japan

Masked hypertension has been drawing artention recently because this condition is
often seen in untreated and treated individuals and is associated with target organ
damage and a poor cardiovascular prognosis. Although masked hypertension is
defined as normal office blood pressure with elevated ambulatory or home blood pres-
sure, there are several subtypes. Morning hypertension is the most common form of
masked hypertension, and is caused by natural circadian variation, evening alcohol
consumption, and the use of short-acting antihypertensive drugs. Daytime hyperten-
sion may be caused by lifestyle factors such as habitual smoking and mental or physical
stress. Nighttime hypertension is seen in various condirions thar produce non-dipping
status, including a high salt intake, renal dysfunction, obesity, sleep apnea, and auto-
nomic failure. Advanced target organ damage such as increases in the left ventricular
mass, carotid artery intima-media thickness, and urinary albumin excretion, is often
present both in untreated and treated subjects with masked hypertension. In our study,
the presence of the reverse white-coat effect is independently associated wirth those
indices of organ damage among treated hypertensive patients. It is important to iden-
tify individuals with masked hypertension, to evaluate them with including the search
for the subtype, and to treat each patient appropriately according to the cause of this
condition.

Keywords masked hypertension, target organ damage, ambulatory blood pressure
monitoring, home blood pressure

Introduction

Masked hypertension, which is also called reverse white-coat hypertension or isolated
ambulatory hypertension, has been drawing attention recently (1-3). Masked hyper-
tension is defined as normal office blood pressure (BP) with elevated ambulatory or
home BP. Although the term of masked hypertension was originally applied to
untreated subjects, this condition is also frequently seen in treated hypertensive

Submitted September 20, 2006; revised January 4, 2007; accepted February 21, 2007.

Address correspondence to Yuhei Kawano, MD, PhD, Division of Hypertension and Nephrology,
National Cardiovascular Center, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan; E-mail:
vkawano@hsp.ncve.go.jp



290 Y. Kawano et al,

patients. The prevalence of masked hypertension has been reported to be about 10% in
normotensive (defined by casual BP) subjects and about 20% among treated
hypertensive patients (1,4-6). There is increasing evidence that masked hypertension
1s associated with advanced target organ damage and a poor cardiovascular prognosis
(7-11).

Masked hypertension can be classified into several subtypes according to the
pattern of ambulatory BP and underlying mechanisms. These subtypes include morning,
daytime, and nighttime hypertension (3). Detecting the subtype and underlying mecha-
nism may be helpful for the appropriate management of each patient with masked
hypertension, Regarding the target organ damage in masked hypertension, obtained
information may not be enough, especially for treated patients. In this review, we
describe the subtypes and organ damage of masked hypertension, including the results
of our studies.

Subtypes of Masked Hypertension

Morning Hypertension

Morning hypertension is the most common form of masked hypertension (see Table 1).
The circadian rhythm of BP is well known. Usually, BP elevates sharply with waking
in the early morning, decreases slightly from the late morning to early afternoon,
increases again in the early evening, decreases in the late evening. and then falls
largely with sleeping. It has been shown that home BP in the early morning is some-
what higher than that in the late evening (6,12). It is possible that this physiological
change in BP causes masked hypertension, if office BP is measured in the late morning
or early afternoon in the absence of the white-coat effect. Morning hypertension is also
caused by lifestyle-related factors such as habitual alcohol intake. We observed that
evening alcohol consumption decreases nighttime BP but increases daytime BP in

Table 1
Subtypes of masked hypertension
Subtypes Causes Management
Morning hypertension Natural circadian Alcohol restriction
(morning surge) rhythm
Alcohol Long-acting drug
Antihypertensive drug Evening drug administration
(short-acting) Alpha blockers (evening)
Daytime hypertension Smoking Smoking cessation
(worksite hypertension) Stress (mental, physical) Stress management
Beta blockers (morning)
Nighttime hypertension Salt, renal dysfunction Salt restriction
(non-dipper) Obesity. sleep apnea Weight reduction
Autonomic failure Diuretics

Treatment of sleep apnea
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hypertensive patients (12,13). This alcohol-induced BP elevation is most obvious in
the early morning.

Morning hypertension is often seen among treated hypertensive patients, particularly
in those who are taking short-acting antihypertensive drugs in the morning. Such medica-
tion does not maintain the antihypertensive efficacy for 24 hours. resulting in BP elevation
in the early morning. The use of long-acting drugs or evening administration of antihyper-
tensive drugs is helpful to control morning hypertension. Because the sympathetic nervous
system plays an important role in the morning BP elevation through alpha receptor-mediated
vasoconstriction. the administration of alpha blockers in the evening may also be effective
to attenuate the morning BP surge (14).

Daytime Hypertension

Daytime hypertension is caused by lifestyle-related factors such as habitual smoking and
daily stress (see Table 1). Smoking cigarettes acutely elevates BP, and smokers show a
higher daytime BP on a smoking day compared with nonsmokers or a nonsmoking day
(15). Mental or physical stress also acts to elevate daytime BP, particularly during working
(16). We also observed that daytime BP but not nighttime BP is higher during usual daily
life than during a hospital stay in hypertensive patients (17). When habitual smokers or
subjects experiencing stress visit clinics, their BP may be normal because they can take a
rest without smoking in the waiting room. The cessation of smoking and control of daily
stress is recommended for subjects with daytime hypertension. Beta blocker usage may be
effective to control stress-related hypertension.

Nighttime Hypertension

Although BP usually falls at night, the nighttime BP dip is blunted or absent in a consider-
able portion of normotensive and hypertensive subjects. Some individuals show a rise in
BP during sleep. This non-dipper pattern is often seen in salt-sensitive subjects on a high-
salt diet; patients with renal dysfunction; obese subjects, particularly those with sleep
apnea; and patients with autonomic failure; and may cause masked hypertension
(see Table 1). It should be mentioned that many non-dippers also show morning hyperten-
sion because their BP continues to increase during the night until waking up.

Previous studies by our institute have shown that treatment with a low-salt diet or a
diuretic decreases nighttime BP effectively in hypertensive patients (18,19). Weight
reduction is recommended for obese subjects. Continuous positive airway pressure treat-
ment is effective to lower nighttime as well as 24-hour BP in patients with sleep apnea
(20). It is also important to use long-acting antihypertensive drugs to control nighttime
BP.

Identifying the Subtypes

The diagnosis of masked hypertension is obtained by the use of ambulatory BP monitoring
(ABPM) or home BP measurement in comparison with office BP. The Japanese guide-
lines for the management of hypertension (JSH 2004) support the use of ABPM and home
BP measurement, particularly for the diagnosis of white-coat hypertension and masked
hypertension (21).

To identify the subtypes of masked hypertension, ABPM is superior to home BP
measurement because it provides multiple BP readings throughout 24 hours. However, the
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application of ABPM to all hypertensive subjects is not practical, and a single ABPM may
not be enough to represent the individual's 24-hour BP profile. Self-measurement of BP in
the morning and evening at home appears to detect morning hypertension. Daytime hyper-
tension can be detected through additional BP measurement at home or worksite during
the dayume. ABPM is particularly suitable for the diagnosis of nighttime hypertension.
The detection of nighttime hypertension by home BP measurement is difficult; however,
new devices with timers, such as OMRON HEM-747IC, can determine BP during sleep.
The widespread application of such devices may easily identify the subtypes of masked
hypertension without using ABPM,

Target Organ Damage in Masked Hypertension

Numerous studies have examined the relationship between ambulatory BP or home BP
and cardiovascular complications. It has been shown that ambulatory BP and home BP are
more closely related to hypertensive organ damage and cardiovascular prognosis than
office BP (22-26). Therefore, it is not surprising that subjects with masked hypertension
are prone to develop target organ damage.

Untreated Subjects

It has been shown that subjects with masked hypertension have advanced target organ
damage and a poor cardiovascular prognosis compared to normotensive subjects. Liu et al.
measured target organ abnormality by echocardiography and arterial ultrasonography in
untreated subjects with sustained normotension, masked hypertension, and sustained
hypertension (27). They demonstrated that left ventricular mass and carotid wall thickness
are greater in subjects with masked hypertension compared to those with sustained normo-
tension, and are similar to those with sustained hypertension. Lurbe et al. also showed that
young patients with masked hypertension have a higher left ventricular mass index than
normotensive subjects (28). It is likely that a majority of masked hypertensives are over-
looked because of normal office BP, resulting in the progression of target organ damage.

Treated Patients

Advanced target organ damage is also seen in treated patients with masked hypertension.
We determined the left ventricular mass index, carotid artery intima-media thickness, and
urinary albumin excretion in 332 treated hypertensive patients (29,30). In our study, all of
these indices of target organ damage in patients with masked hypertension were signifi-
cantly higher than those with controlled hypertension or white coat hypertension, and
were even higher than those with sustained hypertension (see Figure 1), Cuspidi et al.
examined left ventricular mass index and urinary albumin excretion in treated hyperten-
sive patients at baseline and after an average follow-up of 30 months (31). They observed
that these parameters decreased in patients with controlled ambulatory BP but not in those
with masked hypertension.

Subtypes and Organ Damage

A number of studies have shown that the non-dipper pattern or the level of nighttime BP is

associated with advanced organ damage and a poor prognosis (22-24.32.33). In the
PAMELA study, nighuime BP was the best predictor of future cardiovascular death
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among office BP, home BP, and ambulatory BP parameters (24). Therefore, it is likely
that nighttime hypertension is prone to develop organ damage such as left ventricular
hypertrophy, carotid atherosclerosis, and impaired renal function.

It is well known that cardiovascular events occur frequently in the early morning
when BP increases rapidly. Kario et al. have shown that the moming surge in BP is inde-
pendently associated with silent and clinical cerebrovascular disease, and morning hyper-
tension is the strongest independent risk factor for stroke in elderly hypertensives (34,35).
It is also reported that the morning rise in BP correlates with the left ventricular mass
index or hypertrophy in hypertensive patients (36,37), and high moming BP is associated
with a loss of functional independence in elderly subjects (38). Therefore, morning hyper-
tension appears to play a role in the target organ damage and cardiovascular events.

The association of daytime BP with organ damage and prognosis is less recognized,
although daytime BP is a main determinant of average 24-hour BP. In the PAMELA
study. the contribution of daytime BP to cardiovascular mortality was relatively weak
compared with nighttime BP (24). However, it has been shown that mental stress is related
to the progression of carotid atherosclerosis and cardiovascular mortality (39,40). It is
possible that subjects with daytime hypertension are also susceptible to the development
of target organ damage.

Conclusion

There are several subtypes of masked hypertension. Morning hypertension is caused by
natural circadian variation, evening alcohol consumption, and short-acting antihyperten-
sive drugs. Daytime hypertension may be caused by smoking and stress. Nighttime
hypertension is seen in various conditions that lead to a non-dipping status. Advanced
target organ damage is often present both in untreated and treated subjects with masked
hypertension. All three subtypes of masked hypertension seem to be associated with organ
damage, although the relative risk of those subtypes remains to be clarified. It is important
to identify individuals with masked hypertension, evaluate them (including identifying the
subtype), and treat each patient appropriately according to the cause of this condition.
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