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ABSTRACT
Introduction: The term masked hypertension (MH) should be used for untreated individuals 
who have normal office blood pressure but elevated ambulatory blood pressure. For treat-
ed patients, this condition should be termed masked uncontrolled hypertension (MUCH). 
Research Objectives: Masked uncontrolled hypertension (MUCH) has gone unrecognized 
because few studies have used 24-h ABPM to determine the prevalence of suboptimal BP 
control in seemingly well-treated patients, and there are few such studies in large cohorts 
of treated patients attending usual clinical practice. This is important because masked 
hypertension is associated with a high risk of cardiovascular events. This study was con-
ducted to obtain more information about the association between hypertension and other 
CV risk factors, about office and ambulatory blood pressure (BP) control as well as on 
cardiovascular (CV) risk profile in treated hypertensive patients, also to define the prev-
alence and characteristics of masked uncontrolled hypertension (MUCH) among treated 
hypertensive patients in routine clinical practice. Patients and methods: In this study 2514 
male and female patients were included during a period of 5 years follow up. All patients 
have ambulatory blood pressure monitoring (ABPM) for at least 24h. We identified pa-
tients with treated and controlled BP according to current international guidelines (clinic 
BP, 140/90mmHg). Cardiovascular risk assessment was based on personal history, clinic 
BP values, as well as target organ damage evaluation. Masked uncontrolled hypertension 
(MUCH) was diagnosed in these patients if despite controlled clinic BP, the mean 24-h 
ABPM average remained elevated (24-h systolic BP ≥130mmHg and/or 24-h diastolic BP 
≥80mmHg). Results: Patients had a mean age of 60.2+10 years, and the majority of them 
(94.6%) were followed by specialist physicians. Average clinic BP was 150.4+16/89.9+12 
mmHg. About 70% of patients displayed a very high-risk profile. Ambulatory blood pres-
sure monitoring (ABPM) was performed in all recruited patients for at least 24h. Despite 
the combined medical treatment (78% of the patients), clinic control (<140/90 mmHg) 
was achieved in only 26.2% of patients, the corresponding control rate for ambulatory BP 
(<130/80 mmHg) being 32.7%. From 2514 patients with treated BP, we identified 803 with 
treated and controlled office BP control (<140/90 mmHg), of whom 258 patients (32.1%) 
had MUCH according to 24-h ABPM criteria (mean age 57.2 years, 54.7% men). The prev-
alence of MUCH was slightly higher in males, patients with borderline clinic and office BP 
(130–139/80–89 mmHg), and patients at high cardiovascular risk (smokers, diabetes, 
obesity). Masked uncontrolled hypertension (MUCH) was most often due to poor control 
of nocturnal BP, with the proportion of patients in whom MUCH was solely attributable to 
an elevated nocturnal BP almost double that solely attributable to daytime BP elevation 
(22.3 vs. 10.1%, P ˂0.001). Conclusion: The prevalence of masked suboptimal BP control 
in patients with treated and well-controlled clinic BP is high. The characteristics of patients 
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with MUCH (male, longer duration of hypertension, obesity, smok-
ing history, and diabetes) indicate that this is a higher-risk group 
with most to gain from improved BP. 
Key words:  Arterial hypertension, Cardiovascular risk factor, 
Ambulatory blood pressure monitoring, (ABPM), Masked uncon-
trolled hypertension (MUCH).

1. INTRODUCTION
Arterial hypertension remains the leading cause of 

mortality (1-10). Hypertension causes a large direct and 
indirect economic burden (11-20). The positive relation-
ship between arterial hypertension and cardiovascular 
disease (CVD) risk has been observed in male and fe-
male patients of all ages, races, ethnic groups and coun-
tries (1-5, 21-30). Hypertension is the most common 
condition seen in primary care and leads to myocardial 
infarction, stroke, renal failure, and death if not detected 
early and treated appropriately (31-35). The term masked 
hypertension (MH) should be used for untreated indi-
viduals who have normal office blood pressure but ele-
vated ambulatory blood pressure. For treated patients, 
this condition should be termed masked uncontrolled 
hypertension (MUCH). Despite major advances in our 
understanding of its pathophysiology and the availability 
of many drugs that can effectively reduce BP the avail-
able data shows that approximately 70% of hypertensive 
patients do not reach BP goals. Hypertension continues 
to be the most important modifiable factor for cardio-
vascular disease (CVD). Masked hypertension is defined 
as a normal seated blood pressure (BP) in the clinic or 
office (<140/90 mmHg), but an elevated BP out of clinic 
or office BP, as determined by ambulatory BP monitoring 
(ABPM) or home BP monitoring (HBPM). Adults with 
masked hypertension have increased risk of target organ 
damage and high risk of cardiovascular morbidity be-
cause they often remain undetected and untreated. The 
vast majority of the body of knowledge about hyperten-
sion has been built on the assessment of BP by means 
of the traditional auscultatory measurement at an office 
or clinic. To improve the assessment of actual 24-h BP 
levels, techniques for obtaining automated BP profiles 
over 24 h and BP measurements at home have been de-
veloped. Ambulatory BP monitoring (ABPM) is now the 
gold standard method for evaluating true BP levels, pro-
viding a more accurate estimation of true individual BP.

2. RESEARCH OBJECTIVES
Masked uncontrolled hypertension (MUCH) has gone 

unrecognized because few studies have used 24-h ABPM 
to determine the prevalence of suboptimal BP control in 
seemingly well-treated patients. There are few and limit-
ed data on the quality of treated blood pressure (BP) con-
trol during normal daily life, and in particular, the preva-
lence of “masked uncontrolled hypertension” (MUCH) in 
people with treated and seemingly well-controlled BP is 
almost still unknown. This is important because masked 
hypertension is associated with a high risk of cardiovas-
cular events. This study was conducted to obtain more 
information about the association between hypertension 
and other CV risk factors, about office and ambulatory 

blood pressure (BP) control as well as on cardiovascular 
(CV) risk profile in treated hypertensive patients and de-
fine the prevalence and characteristics of masked uncon-
trolled hypertension (MUCH) among hypertensive pa-
tients in routine clinical practice in whom BP was treated 
and controlled to recommended BP goals.

3. PATIENTS AND METHODS
In this study 2514 male and female patients were in-

cluded during a period of 5 years follow up. All patients 
have ambulatory blood pressure monitoring (ABPM) for 
at least 24h. We identified patients with treated and con-
trolled BP according to current international guidelines 
(clinic BP <140/90mmHg). The collected study variables 
include: age, gender, weight and height [obesity defined as 
body mass index (weight in kg/height in meters squared) 
≥30 kg/m2], duration of hypertension, known cardio-
vascular risk factors such as tobacco smoking and dia-
betes mellitus (American Diabetes Association criteria), 
biochemical values of creatinine and lipid profile, target 
organ damage(TOD) including urinary albumin excre-
tion (UAE), left ventricular hypertrophy (LVH) (elec-
trocardiographic Sokolow-Lyon voltage and/or Cornell 
duration/voltage index 2440 mm/ms), and radiological 
evidence of carotid plaque, and clinical CVD (coronary 
heart disease, congestive heart failure, or cerebrovascu-
lar disease). Renal disease was diagnosed when serum 
creatinine was 132.6 umol/L in men and 123.8 umol/L in 
women and/or when proteinuria was present. Details of 
anti-hypertensive treatment (e.g. drug class, number of 
drugs, and time of administration) were also recorded. 
Cardiovascular risk was stratified using the 2016 Euro-
pean Guidelines on cardiovascular disease prevention 
in clinical practice – European Society of Cardiology/
European Association for Cardiovascular Prevention & 
Rehabilitation (EACPR), based on clinical BP catego-
ry, the presence of other risk factors, TOD, or previous 
CVD for patients with well-controlled office BP. Masked 
uncontrolled hypertension (MUCH) was diagnosed in 
these patients if despite controlled clinic BP, the mean 
24-h ABPM average remained elevated (24-h systolic BP 
≥130mmHg and/or 24-h diastolic BP ≥80mmHg). Am-
bulatory Blood Pressure Monitoring all patients under-
went one ambulatory blood pressure monitoring session 
using the Boso TM 2430 PC2. The Boso PC2 has satisfies 
the recommended British Hypertension Society (BHS) 
and Association for Medical Instrumentation accuracy 
levels. The monitors were programmed to measure BP 
at 30 minute intervals from 7am to 10pm and at 1 hour 
intervals from 10pm to 7am. For all patients we incorpo-
rated a participant diary and used it to define sleep and 
awake periods. Maximum BP measurement time was 
limited to less than 140 seconds, and the monitors were 
set for a maximum pressure of 220 mm Hg. Participants 
were given verbal instructions on wearing the monitor, 
including that they should try to leave the cuff on during 
the entire monitoring period, that they should try to hold 
their cuffed arm as still as possible during a reading to 
ensure that the monitor would get an accurate reading 
and that faulty readings would trigger a repeat measure-
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ment. The minimum num-
ber of readings we accepted 
as an adequate ABPM ses-
sion was 18 for awake and 7 
for sleep.

4. RESULTS
Patients had a mean age 

of 60.2+10 years, and the 
majority of them (94.6%) 
were followed by specialist 
physicians. Average clinic 
BP was 150.4+16/89.9+12 
mmHg. About 70% of pa-
tients displayed a very high-
risk profile. Electrocardio-
gram (ECG) was performed 
in 99% of patients, echocar-
diography was performed 
in 79%, carotid ultrasound 
and measuring of IMT in 
36%, ophthalmological exam 
and fundoscopy in 66%, and 
search for microalbuminuria 
in 21%. Ambulatory blood 
pressure monitoring (ABPM) was performed in all re-
cruited patients for at least 24h. Despite the combined 
medical treatment (78% of the patients), clinic control 
(<140/90 mmHg) was achieved in only 26.2% of pa-
tients, the corresponding control rate for ambulatory BP 
(<130/80 mmHg) being 32.7%. From 2514 patients with 
treated BP, we identified 803 with treated and controlled 
office BP control (<140/90 mmHg), of whom 258 pa-
tients (32.1%) had MUCH according to 24-h ABPM cri-
teria (mean age 57.2 years, 54.7% men). The prevalence 
of MUCH was slightly higher in males, patients with 
borderline clinic and office BP (130-139/80-89 mmHg), 
and patients at high cardiovascular risk (smokers, diabe-
tes, obesity). MUCH was most often due to poor control 
of nocturnal BP, with the proportion of patients in whom 
MUCH was solely attributable to an elevated nocturnal 
BP almost double that solely attributable to daytime BP 
elevation (22.3 vs. 10.1%, P<0.001).

Clinic and 24-h BP controlled hypertensive patients: 
clinic BP<140/90 mmHg and 24-h BP<130/80 mmHg. 
MUCH: clinic BP<140/90 mmHg and 24-h BP ≥130/80 
mmHg. LVH, left ventricular hypertrophy; UAE, uri-
nary albumin excretion; CVD cardiovascular disease; 
LDL, low-density lipoprotein; HDL, high-density lipo-
protein. Values are mean ± SD or median (inter-quartile 
range), or n (%). The prevalence of MUCH was signifi-
cantly higher in males, patients with borderline clinic BP 
(130-139/80-89mmHg), and patients at high cardiovas-
cular risk (smokers, diabetes, obesity). Masked uncon-
trolled hypertension was often because of poor control 

Variable
Clinic and 24-h BP con-
trol hypertensive patients 
(n 1711)

MUCH hypertensive 
patients (n 803) P-value*

Age, years 60.2 ±10.3 57.2±11.2 <0.001
Gender, n (%) men 897 (52.4) 469 (58.4) <0.001
Duration of hypertension, years 7 (3–11) 7 (3–11) 0.163
Body mass index, kg/m2 30.2 ± 4.7 30.3±4.9 <0.001
Tobacco smoking, n (%) 592 (34.6) 317 (39.5) <0.001
Diabetes, n (%) 294 (17.2) 156 (19.4) <0.001
Total cholesterol, mmol/L 5.26 ± 1.2 5.23 ± 1.05 0.352
LDL cholesterol, mmol/L 3.2± 0.98 3.3 ± 1.1 0.065
HDL cholesterol, mmol/L 1.41 ±0.38 1.39 ± 0.56 0.081
Triglycerides, mmol/L 1.51 ± 0.72 1.64± 0.77 0.045
Creatinine, umol/L 79.56 (70.7 – 97.2) 79.56 (70.7 – 97.2) 0.211
LVH, n (%) 325 (10.9) 93 (11.6) 0.065
UAE, mg/g 4.9 (2.3–15.7) 6.2 (2.9–18.1) 0.011
Carotid plaque, n (%) 126 (7.36) 53 (6.60) 0.036
Target organ damage, n (%) 349 (20.04) 171 (21.29) 0.087
Previous CVD, n (%) 281 (16.42) 122 (15.19) 0.365
High/very high CVD risk, n (%) 603 (35.24) 336 (41.84) <0.001
Number of antihypertensive drugs 2.0± 1.3 2.0± 1.3 0.926
On only one antihypertensive, n (%) 679 (39.7) 329 (41.0) 0.172

Table 1. Clinical features in treated clinically controlled hypertensive patients with and without 
masked uncontrolled hypertension. *P-values for association between MUCH patients and 
patients with both clinic and 24-h BP controlled.

Daytime 
blood pres-
sure

Nocturnal blood 
pressure

Controlled 
(<120/70 mmHg)

Uncontrolled 
(≥120/70 mmHg) Total

Controlled 
(<135/85 
mmHg)

Both BP controlled 
(24-h MUCH)
52
6.5% (6.0–7.0)

Isolated daytime 
control (noctur-
nal-MUCH)
179
22.3% (21.1–23.5%)

231
28.8% 
(27.4–
29.9%)

Uncontrolled 
(≥135/85 
mmHg)

Isolated nocturnal 
control (day-
time-MUCH)
81
10.1% (9.1–11.1%) 

Both uncontrolled 
(daytime/nocturnal 
MUCH)
491
61.1% (59.7–62.5%) 

572
71.2% 
(69.9–
72.5%)

Total 133
16.6% (15.6–17.6%) 

670
83.4% (82.4–84.4%) 

803
100%

Table 2. Differences in daytime and nocturnal blood pressure 
control rate in patients with masked uncontrolled hypertension 
(MUCH)

 
Figure 1. Patients with subtypes of masked uncontrolled hypertension.  Masked uncontrolled hypertension: clinic 
blood pressure <140/90 mmHg and 24-h blood pressure ≥130/80 mmHg. Only-24-h masked uncontrolled 
hypertension: daytime blood pressure <135/85 mmHg, nocturnal blood pressure <120/70 mmHg, and 24-h blood 
pressure ≥130/80 mmHg. Only-nocturnal masked uncontrolled hypertension: nocturnal blood pressure ≥120/70 
mmHg and daytime blood pressure <135/85 mmHg. Only-daytime masked uncontrolled hypertension: daytime 
blood pressure ≥135/85 mmHg and nocturnal blood pressure <120/70 mmHg. Daytime–nocturnal masked 
uncontrolled hypertension: daytime blood pressure ≥135/85 mmHg and nocturnal blood pressure ≥120/70 mmHg. 
 
The prevalence of MUCH was significantly higher in males, patients with borderline clinic BP 
(130-139/80-89mmHg), and patients at high cardiovascular risk (smokers, diabetes, obesity). 
Masked uncontrolled hypertension was often because of poor control of nocturnal BP, with the 
proportion of patients in whom MUCH was solely attributable to an elevated nocturnal BP 
almost double that solely attributable to daytime BP elevation (22.3 vs. 10.1%, P <0.001). The 
most often subtype of MUCH among subjects was both uncontrolled daytime/nocturnal MUCH 
(61%). 
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Figure 1. Patients with subtypes of masked uncontrolled 
hypertension. Masked uncontrolled hypertension: clinic blood 
pressure <140/90 mmHg and 24-h blood pressure ≥130/80 
mmHg. Only-24-h masked uncontrolled hypertension: daytime 
blood pressure <135/85 mmHg, nocturnal blood pressure 
<120/70 mmHg, and 24-h blood pressure ≥130/80 mmHg. Only-
nocturnal masked uncontrolled hypertension: nocturnal blood 
pressure ≥120/70 mmHg and daytime blood pressure <135/85 
mmHg. Only-daytime masked uncontrolled hypertension: daytime 
blood pressure ≥135/85 mmHg and nocturnal blood pressure 
<120/70 mmHg. Daytime–nocturnal masked uncontrolled 
hypertension: daytime blood pressure ≥135/85 mmHg and 
nocturnal blood pressure ≥120/70 mmHg.
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of nocturnal BP, with the proportion of patients in whom 
MUCH was solely attributable to an elevated nocturnal 
BP almost double that solely attributable to daytime BP 
elevation (22.3 vs. 10.1%, P <0.001). The most often sub-
type of MUCH among subjects was both uncontrolled 
daytime/nocturnal MUCH (61%).

There were 803 patients with MUCH despite optimal 
clinic BP control (mean age 57.2 years, 52.4% men), and 
1711 patients were identified as having optimal BP con-
trol, i.e. with both office and 24-h BP controlled. When 
compared with the optimal BP control group, MUCH pa-
tients were more likely to be male and had a worse CVD 
risk profile, including higher proportion of smokers, di-
abetes, higher levels of triglycerides, greater proportion 
of high estimated CVD risk, and marginally but not sig-
nificantly higher levels of LDL cholesterol (P =0.065) and 
higher proportion of TOD (P =0.087) (Table 1).

The percentage of MUCH receiving monotherapy did 
not significantly differ from those optimally controlled 
(Table 1). Most MUCH patients took their anti-hyper-
tensive medication only in the morning (55.4% vs. 55.1% 
in those optimally controlled), 11% only in the evening/
night, and 39% in both the morning and the evening/
night. The percentage of MUCH vs. optimal control 
patients taking specific drug classes were diuretics 8.3 

and 8.1%, respectively (P = 0.594), beta-blockers 14.3 
and 18.5% (P<0.01), angiotensin-converting enzyme 
inhibitors (ACEi) 27.3 and 26.5% (P = 0.544), angioten-
sin-receptor blockers (ARB) 20.9 and 20.7% (P = 0.932), 
calcium-channel blockers 8.3 and 5.1% (P <0.01), and 
alpha blockers 1.1 and 1.2% (P = 0.331). Mean daytime 
and nocturnal ambulatory BP was higher in those with 
MUCH when compared with the optimal control group 
(Table 3). The absolute difference in nocturnal SBP be-
tween both groups was 17.6 mmHg (127.2 vs. 109.6 
mmHg, respectively), and 18.1 mmHg in daytime SBP 
(137.5 vs. 119.4 mmHg, respectively).

Adults with masked hypertension have increased risk 
of target organ damage and cardiovascular morbidi-
ty. The first study to look at the issue of target organ 
damage was published by Pickering et al. (6) in 1999, in 
which we showed that a group of patients with masked 
hypertension had a higher left ventricular mass and 
more carotid atherosclerosis than true normotensives, 
and thus were similar to true hypertensives (3, 6). In 
adolescents, masked hypertension has been shown to 
be present in nearly 40% of individuals and these were 
more than twice as likely to have a parental history of 
hypertension, and to have a higher ambulatory pulse 
rate, BMI, and greater prevalence of left ventricular hy-
pertrophy as normotensive individuals. The proportion 
of MUCH among treated hypertensive patients well con-
trolled in the clinic was 31.9% (95% confidence interval 
30.7–32.2%). Possible characteristics of individuals with 
masked uncontrolled hypertension are: male patients, 
age 65 years, male sex, stress during the daytime, high-
er levels of cholesterol or triglycerides and smoking or 
drinking habits. The prevalence of MUCH was signifi-
cantly higher in those patients. However, the difference 
in the prevalence of MUCH according to obesity status, 
TOD, or previous CVD were only marginally significant 
or not clinically relevant (absolute differences, 3 mmHg) 
(29). The prevalence of MUCH was not significantly 
different between patients on one drug vs. those on ≥2 
drugs (31.5 vs. 30.4%, P =0.148), and either according to 
the time of drug administration. Lastly, the prevalence 
of MUCH was significantly lower in patients taking only 
beta-blockers (25.3%) and higher in those on only cal-
cium-channel blockers (37.5%) or only alpha-blockers 
(35.4%). In studies (Obara et al. (1), Borbie et al. (2), Un-
gar et al. (3) and Mancia et al. (4) which evaluating the 
factors predictive of masked hypertension in multivari-
ate analyses, being male, smoking and high BMI are fre-
quently identified as risk factors.

5. DISCUSSION
Worldwide surveys of blood pressure control to targets 

recommended by national and international guidelines 
have consistently revealed that in clinical practice the 
conventional goal of a blood pressure <140/90 mmHg is 
reached by only a minority of patients (27). Arterial hyper-
tension is associated with a high prevalence of metabolic 
risk factors, the combination drug treatment is frequently 
used. Many patients present with a stress reaction when 
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Figure 2. Percentage distribution of subtypes of masked 
uncontrolled hypertension (MUCH) in a sample of treated and 
controlled hypertensive patients during ambulatory blood 
pressure monitoring (ABPM).

Variables Clinic and 24-h MUCH P-value*
 Hypertensive patients hypertensive patients 
 (N 1711) ( n 803) 

Office systolic BP 123.5 ± 10.2 128.2 ± 9.3 < 0.001
Office diastolic BP 76.2 ± 8.1 77.8 ± 8.0 < 0.001
24-h systolic BP 115.8 ± 7.7 134.5 ± 9.8
24-h diastolic BP 68.7 ± 7.4 80.1 ± 9.0
Daytime systolic BP 118.3 ± 8.1 136.2 ± 10.3 < 0.001
Daytime diastolic BP 70.9 ± 7.2 81.8 ± 8.7 < 0.001
Nocturnal systolic BP 108.9 ± 10.6 126.5 ± 13.9 < 0.001
Nocturnal diastolic BP 62.0 ± 7.2 73.0 ± 8.7 < 0.001
Values are in millimeters of mercury (mean ± SD), or %. BP, blood 
pressure.
*P-values for association between MUCH patients and patients 
with both clinic and 24-h BP controlled.

Table 3. Differences in office, daytime, and nocturnal BP, as 
well as circadian pattern distribution, in treated well-controlled 
hypertensive patients with and without masked uncontrolled 
hypertension
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visiting a doctor or nurse, or even when performing a 
self-automated BP measurement in a medical environment, 
and show an office BP that may be significantly higher than 
their BP levels during normal daily activities. Pickering et al. 
(6) proposed the new term relates to masked hypertension 
(elevated BP at home but not in the office), in preference 
to the term of “reverse white-coat hypertension” or “iso-
lated home hypertension.” Data from 51 573 hypertensive 
patients included in the Spanish ABPM Registry showed 
that daytime BPs were ≈16/8 mm Hg lower than office BPs, 
and this difference reached  ≈20/10 mm Hg when compar-
ing office and 24 h BPs. The higher the BP or global cardio-
vascular risk level, the greater the difference between office 
and ambulatory BP values, as shown by our group in the 
comparison between patients with high-risk hypertension 
and patients with low-to-moderate-risk hypertension (7, 8, 
9). The results of this study suggest that almost one-third of 
patients who are considered to have adequate BP control by 
conventional clinic criteria do not have their BP controlled 
when assessed by ABPM. Importantly, over one in three pa-
tients with borderline clinic BP have MUCH and therefore 
have a BP that is not adequately controlled. The frequency 
of MUCH was especially high in patients with major car-
diometabolic risk factors or who smoke, all of which iden-
tify people who are at higher CVD risk who would benefit 
most from optimal BP control. The patients with normal 
office blood pressure but elevated ambulatory blood pres-
sure (defined as “masked hypertensives”) clearly have a 
greater cardiovascular risk, higher than that of patients 
with “White Coat Hypertension” (10). The risks of organ 
damage and cardiovascular events in patients with masked 
hypertension are significantly higher than in those with a 
normal-range blood pressure level or white coat hyperten-
sion, being similar to those in patients with persistent hy-
pertension (5).

These findings were observed in a large European pop-
ulation of people cared for in usual clinical practice, and 
the prevalence of MUCH was consistent across the status 
of cardiovascular risk factors, TOD, CVD, and anti-hy-
pertensive medication. The results suggest that based on 
the currently recommended use of clinic BP to monitor 
BP control, physicians will substantially overestimate 
the number of patients who are truly controlled, leaving 
many higher-risk patients at excess risk (12, 13, 15).

The prevalence of masked suboptimal BP control in 
patients with treated and well-controlled clinic BP is 
high. The frequency of MH in HBPM studies ranges 
from 9 to 37%, and 9 to 21% based on ABPM (11). How-
ever, HBPM cannot properly assess BP during sleep, and 
nocturnal BP is a stronger risk factor for TOD and CVD 
(12-14). The fact remains that daytime BP measurements 
alone are insufficient to detect all MH cases. In untreated 
hypertensive patients, the prevalence of MH ranges from 
9 to 14% (11). Perloff et al. (15) and Verdecchia et al. (16) 
demonstrated the better prognostic value of ambulato-
ry BP monitoring than office measurement in a general 
untreated population, and Clement et al. (17) did so in 
patients being treated for hypertension.

Interestingly, in our untreated patients the prevalence 
of MH was 32.7%, a quite similar proportion to that of 

MUCH. But in general in patients with treated hyper-
tension, the prevalence is less known. The present study 
thus adds new evidence on the importance of MUCH, 
particularly nocturnal-MUCH in population of already 
treated hypertensive patients attended in clinical prac-
tice. In our study there is no significant association be-
tween the number of drugs taken and the prevalence 
of MUCH, consistent with some studies (18). Also no 
statistically significant or clinically relevant associations 
between MUCH and time of drug administration either. 
Table 5 shows the prevalence of MH and MUCH in sev-
eral studies from Spanish APBM Registry, so we can con-
clude that the prevalence of MUCH in our study 31.9% is 
similar to the previous published studies.

The demographic and clinical characteristics of pa-
tients with MH and MUCH are poorly defined (19) 
indeed, few large studies has previously focused on pa-
tients with MUCH. Available 24-h ABPM-based stud-
ies have identified high-normal clinic BP, age, smoking, 
obesity, diabetes, proteinuria, and high CVD risk asso-
ciated with MH (21-23). In our study we have identified 
the clinical profile of MUCH patients as more likely to 
be male or obese, smokers, or those with diabetes, high 
cholesterol and triglycerides. Unfortunately, pathophys-
iological mechanisms responsible for MH are still un-
known. Nevertheless, it is notable that clinic heart rate 
was marginally higher in MUCH patients than in con-
trolled patients (74.4 and 72.3 b.p.m., respectively, P 
=0.009), and in particular there was a statistical trend in 
MUCH patients with diabetes (75.4 vs. 74.3, P = 0.08). 
This may suggest an increased sympathetic activity in 
some patients with MUCH, consistent with findings re-
ported in detail by Grassi et al. (24). However, further 
research is needed. The MUCH is most often because of 
nocturnal hypertension is important because nocturnal 
BP has been strongly linked to CVD morbidity and mor-
tality and nocturnal hypertension can only be detected 
by ABPM (25-28, 39)

6. CONCLUSION
Arterial hypertension remains the leading cause of 

mortality. Hypertension causes a large direct and indi-
rect economic burden. The prevalence of masked uncon-
trolled hypertension (MUCH) in patients with treated 
and well-controlled clinic BP is high. Clinic BP monitor-
ing alone is not adequate to optimize BP control because 
many patients have an elevated nocturnal BP. The char-
acteristics of patients with MUCH (male, longer duration 
of hypertension, obesity, smoking history, and diabetes) 
indicate that this is a higher-risk group with most to gain 
from improved BP. An important determinant of MUCH 
is poorer control of nocturnal BP. Moreover, nocturnal 
BP is increasingly recognized as a strong predictor of risk 
in many studies of ABPM. 

• Conflict of interest: none declared.

REFERENCES
1. Obara T, Ohkubo T, Funahashi J, Kikuyu M, Sasayama K, Motoko 

H, Oikawa T, Hashimoto J, Tonsure K, Imai Y. The J-HOME study 
group. Isolated uncontrolled hypertension at home and in the office 



Blood Pressure control in hypertensive Patients

279ORIGINAL PAPER | MEd ARch. 2016 AuG; 70(4): 274-279

among treated hypertensive patients from the J-HOME study. J Hy-
pertens. 2005; 23: 1653-60. 

2. Borbie G, Clerson P, Cuchet A, Mahmoudi A, Postel-Vinay N, Chat-
ellier G. Prevalence and mechanism of masked hypertension: the 
Ol’mesures survey. Arch Mal Coeur Vaiss. 2006; 99: 760-3.

3. Ungar A, Pepe G, Monami M, Lambertucci L, Torrini M, Baldasseroni 
S, et al. Isolated ambulatory hypertension is common in outpatients 
referred to a hypertension centre. J Hum Hypertens. 2004; 18: 897-903.

4. Mancia G. Reversed white-coat hypertension: definition, mechanisms 
and prognostic implications. J Hypertens. 2002; 20: 579-81.

5. Shimamoto K, Ando K, Fujita T, Hasebe N, Higaki J, Horiuchi M, Imai 
Y, Imaizumi T et al. The Japanese Society of Hypertension Guidelines 
for the Management of Hypertension (JSH 2014). Hypertension Re-
search. 2014; 37: 253-92.

6. Pickering TG, Davidson K, Gerin W, Schwartz JE. Masked hyperten-
sion. Hypertension. 2002; 40: 795-6.

7. Andalib A, Akhtari S, Rigal R, Curnew G, Leclerc JM, Vaillancourt M, 
Tardiff JC. Determinants of masked hypertension in hypertensive pa-
tients treated in a primary care setting. Intern Med J. 2012; 42: 260-6.

8. Verberk WJ, Kessels AG, de Leeuw PW. Prevalence, causes, and con-
sequences of masked hypertension: a meta-analysis. Am J Hyper-
tens. 2008; 21: 969-75.

9. Banegas JR, Ruilope LM, de la Sierra A, de la Cruz JJ, Gorostidi M, Se-
gura J, Martell N, García-Puig J, Deanfield J, Williams B. High prev-
alence of masked uncontrolled hypertension in people with treated 
hypertension. Eur Heart J. 2014; 35(46): 3304-12.

10. Mancia G, Hachette R, Bomb Elli M, Grassi G, Sega R. Long-term 
risk of mortality associated with selective and combined elevation 
in office, home, and ambulatory blood pressure. Hypertension. 2006; 
47: 846-53.

11. Borbie G, Clerson P, Me´nard J, Postel-Vinay N, Chatellier G, Plouin 
PF. Masked hypertension: a systematic review. J Hypertens. 2008; 
26: 1715-25.

12. Verdecchia P, Angeli F, Mazzotta G, Garofoli M, Ramundo E, Gen-
tile G, Ambrosio G, Reboldi G. Day-night and early-morning surge 
in blood pressure in hypertension. Prognostic implications. Hyper-
tension 2012;60:34-42.

13. De la Sierra A, Banegas JR, Segura J, Gorostidi M, Ruilope LM; CAR-
DIORISC Event Investigators. Ambulatory blood pressure monitoring 
and development of cardiovascular events in high-risk patients in-
cluded in the Spanish ABPM registry: the CARDIORISC Event study. 
J Hypertens. 2012; 30: 713-9.

14. Banegas JR, Ruilope LM, de la Sierra A, de la Cruz JJ, Gorostidi M, Se-
gura J, Martell N, García-Puig J, Deanfield J, Williams B. High prev-
alence of masked uncontrolled hypertension in people with treated 
hypertension. Eur Heart J. 2014; 35(46): 3304-12.

15. Perloff D, Sokolow M, Cowan RM, Juster RP. Prognostic value of am-
bulatory blood pressure measurements: further analyses. J Hypertens 
Suppl. 1989; 7: S3-S10.

16. Verdecchia P, Porcellati C, Schillaci G, et al. Ambulatory blood pres-
sure: an independent predictor of prognosis in essential hyperten-
sion. Hypertension. 1994; 24: 793-801.

17. Clement DL, De Buyzere ML, De Bacquer DA, et al. Prognostic value 
of ambulatory blood-pressure recordings in patients with treated hy-
pertension. N Engl J Med. 2003; 348: 2407- 15.

18. Andalib A, Akhtari S, Rigal R, Curnew G, Leclerc JM, Vaillancourt M, 
Tardiff JC. Determinants of masked hypertension in hypertensive pa-
tients treated in a primary care setting. Intern Med J. 2012; 42: 260-6.

19. Mancia G, Bomb Elli M, Servile G, Grassi G. Diagnosis and manage-
ment of patients with white-coat and masked hypertension. Nat Rev 
Cardiol .2011; 8: 686-93.

20. Longo D, Derogate F, Palatine P. Masked hypertension in adults. Blood 
Press Monti. 2005; 10: 307-10.

21. Mancia G, Hachette R, Bomb Elli M, Grassi G, Sega R. Long-term 
risk of mortality associated with selective and combined elevation 
in office, home, and ambulatory blood pressure. Hypertension. 2006; 
47: 846-53.

22. Pickering TG, Euchar K, Kari K. Masked hypertension: a review. Hy-
pertens Res. 2007; 30: 479-88.

23. Mallion JM, Clerson P, Borbie G, Genes N, Vaisse B, Chatellier G. Pre-
dictive factors for masked hypertension within a population of con-
trolled hypertensives. J Hypertens. 2006; 24: 2365-70.

24. Grassi G, Servile G, Trevano FQ, Dell’oro R, Bolla G, Cuspidi C, Are-
nare F, Mancia G. Neurogenic abnormalities in masked hypertension. 
Hypertension. 2007; 50: 537-42.

25. Mancia G, Fagard R, Narkiewicz K, Redón 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, Mano-
lis AJ, Nilsson PM, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P, 
Viigimaa M, Waeber B, Zannad F. ESH/ESC Guidelines for the man-
agement of arterial hypertension. The task force for the manage-
ment of arterial hypertension of the European Society of Hyperten-
sion (ESH) and of the European Society of Cardiology (ESC). J Hy-
pertens 2013;31:1281-1357.

26. O’Brien E, Asmar R, Beilin L, Imai Y, Mancia G, Mengden T, Myers 
M, Padfield P, Palatini P, Parati G, Pickering T, Redon J, Stassen J, Ster-
giou G, Verdecchia P. On behalf of the European Society of Hyperten-
sion Working Group on Blood Pressure Monitoring. Practice guide-
lines of the European Society of Hypertension for clinic, ambulatory 
and self-blood pressure measurement. J Hypertens. 2005; 23: 697-701.

27. Ohkubo T, Imai Y, Tsuji I, Nagai K, Ito S, Satoh H, Hisamichi S. Ref-
erence values for24-hour ambulatory blood pressure monitoring 
based on a prognostic criterion: the Osama Study. Hypertension. 
1998; 32: 255-9.

28. Wolf-Maier K, Cooper RS, Kramer H, Banegas JR, Giampaoli S, Jof-
fres MR, Poulter NR, Primatesta P, Stegmayr B, Thamm M. Hyper-
tension treatment and control in five European countries, Canada, 
and the United States. Hypertension. 2004; 43: 10-17.

29. Thijs L, Hansen TW, Kikuya M, Björklund-Bodegård K, Li Y, Dolan E, 
Tikhonoff V, Seidlerová J, Kuznetsova T, Stolarz K, Bianchi M, Rich-
art T, Casiglia E, Malyutina S, Filipovsky J, Kawecka-Jaszcz K, Niki-
tin Y, Ohkubo T, Sandoya E, Wang J, Torp-Pedersen C, Lind L, Ibsen 
H, Imai Y, Staessen JA, O’Brien E. IDACO Investigators. The Inter-
national Database of Ambulatory Blood Pressure in relation to Car-
diovascular Outcome (IDACO): protocol and research perspectives. 
Blood Press Monit. 2007; 12: 255-62.

30. Gorostidi M, Sobrino J, Segura J, Sierra C, De la Sierra A, Herná n-
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