
The Egyptian Heart Journal 70 (2018) 369–373
Contents lists available at ScienceDirect

The Egyptian Heart Journal

journal homepage: www.elsevier .com/locate /ehj
Original Article
Masked uncontrolled hypertension: Prevalence and predictors
https://doi.org/10.1016/j.ehj.2018.10.001
1110-2608/� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: A/C ratio, Albumin/Creatinine ratio; ABPM, Ambulatory Blood
Pressure Monitoring; ACEI, Angiotensin Converting Enzyme Inhibitor; ARBs,
Angiotensin Receptor Blockers; BB, Beta Blockers; BMI, Body Mass Index; BP, Blood
Pressure; CAD, Coronary Artery Disease; CCB, Calcium Channel Blocker; CKD,
Chronic Kidney Disease; CV, Cardio-Vascular; CVD, Cardio-Vascular Diseases; DBP,
Diastolic Blood Pressure; DM, Diabetes Mellitus; ECG, ElectroCardioGram; HBPM,
Home Blood Pressure Monitoring; HDL Cholesterol, High-Density Lipoprotein
Cholesterol; HTN, Hypertension; LDL Cholesterol, Low-Density Lipoprotein Choles-
terol; LVH, Left Ventricular Hypertrophy; MH, Masked Hypertension; MUCH,
Masked Uncontrolled Hypertension; NHP, National Hypertension Project; SBP,
Systolic Blood Pressure; SD, Standard Deviation; TOD, Target Organ damage.

Peer review under responsibility of Egyptian Society of Cardiology.
⇑ Corresponding author at: Foustat New City, Misr Qadeema, Cairo, Egypt.

E-mail address: ghadayoussef@kasralainy.edu.eg (G. Youssef).
Ghada Youssef a,⇑, Sherif Nagy a, Ahmed El-gengehe a, Amr Abdel Aal b, Magdy Abdel Hamid a

aCairo University, Cairo, Egypt
bHelwan University, Cairo, Egypt

a r t i c l e i n f o
Article history:
Received 26 June 2018
Accepted 3 October 2018
Available online 22 October 2018

Keywords:
Ambulatory BP monitoring
Masked hypertension
Uncontrolled hypertension
a b s t r a c t

Background: There are limited data on ‘masked uncontrolled hypertension’ (MUCH) in patients with trea-
ted and apparently well-controlled BP is unknown.
Objectives: To define the prevalence and predictors of MUCH among hypertensive patients with con-
trolled office blood pressure.
Methods: One hundred ninety-nine hypertensive patients presented to the specialized hypertension clin-
ics at two University Hospitals. All patients had controlled office blood pressure (less than
140/90 mmHg). Patients were assessed regarding history, clinical examination, and laboratory data. All
patients underwent ambulatory blood pressure monitoring (ABPM) for 24 h, within a week after the
index office visit. MUCH was diagnosed if average 24-h ABPM was elevated (systolic BP � 130 mmHg
and/or diastolic BP � 80 mmHg) despite controlled clinic BP.
Results: Sixty-six patients (33.2%) had MUCH according to 24-h ABPM criteria (mean age 53.5 ± 9.3 years,
60.6% men). MUCH was mostly caused by the poor control of nocturnal BP; with the percentage of
patients in whom MUCH was solely attributable to an elevated nocturnal BP almost double that due to
daytime BP elevation (57.3% vs. 27.1%, P < 0.001). The most common predictors of MUCH were smoking,
DM and positive family history of DM.
Conclusion: The prevalence of masked suboptimal BP control is high. Office BP monitoring alone is thus
inadequate to ascertain optimal BP control because many patients have an elevated nocturnal BP. ABPM
is needed to confirm proper BP control, especially in patients with high cardiovascular risk profile.
Smoking, DM and positive family history of DM were the most common predictors of MUCH.

� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Masked hypertension (MH) is a term used to define people who
have a normal seated clinic blood pressure (BP) but an elevated
out-of-office BP, as determined by ambulatory BP monitoring
(ABPM) or home BP monitoring (HBPM). Masked hypertension is
the opposite of the more commonly recognized ‘white coat hyper-
tension’. Patients with MH are now known to be at particularly
high risk of developing cardiovascular disease (CVD) because they
often remain undetected and untreated.1

Most studies on the prevalence of MH have primarily focused
on ‘treatment naïve’ patients, prior to the diagnosis of hyperten-
sion, and many of them based the measurements on HBPM or day-
time ABPM, or were of small size.1 This daytime definition of MH
didn’t include people whose sole abnormality is an elevation in
nocturnal BP, which some studies suggest is the strongest predic-
tor of CVD risk compared with daytime or 24-h mean pressures.2

Furthermore, few studies have established the prevalence of the
equivalent of MH, i.e. ‘masked uncontrolled hypertension; MUCH’,
in patients with treated hypertension. MUCH is used to describe
treated patients in whom BP levels are sub-optimally controlled
according to ABPM, but who are considered controlled according
to clinic BP targets by current treatment guidelines recommenda-
tions (<140/90 mmHg). Despite the recognized potential for clinic
BP alone to both over- and under diagnose hypertension, to date,
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few guidelines, as NICE 2011 guidelines have recommended the
routine use of ABPM to monitor the quality of BP control because
there are very little data on the quality of BP control in routine clin-
ical practice.3

The aim of this study is to determine the prevalence and predic-
tors of MUCH in hypertensive patients with controlled office BP.
2. Methods

This is a prospective, non-randomized, observational, cross sec-
tional study that enrolled 199 HTN patients who presented to the
specialized HTN clinics at two university hospitals. Patients were
recruited from February 2016 to June 2017. Inclusion included
hypertensive patients on regular antihypertensive treatment who
had controlled office blood pressure readings (less than
140/90 mmHg and � 140/85 for diabetics, for at least two visits,
one month apart).4 Excluded from the study were those with sec-
ondary hypertension, acute myocardial infarction, significant
valvular heart disease, decompensated heart failure (New York
Heart Association class III and IV), and pregnant ladies.

Patients gave informed consent about being included in this
study. They underwent full clinical evaluation including cardiovas-
cular risk factors assessment e.g. history of diabetes mellitus,
smoking and their duration, current medications, family history
of CV risk factors and current antihypertensive drugs (class and
dosage).

Examination included; assessment of the body mass index
(BMI) (Obesity is defined as BMI > 30 Kg/m2), waist circumference,
supine heart rate, peripheral pulses as well as searching for signs of
target organ damage.

Blood pressure measurement was done using a digital fully
automated device (Omron-6 automated device).5 Patients were
allowed to rest for 3–5 min before measurement. Three BP readings
were taken, 1–3 min apart, the first one was omitted and the last
two readings were averaged. Patients were allowed to stand unsup-
ported for 2 min and then standing BP readings were recorded.

Laboratory workup included (Hemoglobin level, serum Crea-
tinine, potassium, total cholesterol, low density lipoprotein, high
density lipoprotein, and triglycerides, fasting blood sugar and uric
acid). Fundus examination was asked for to detect significant
hypertensive retinopathy (� grade II hypertensive retinopathy).
Urine analysis was performed in all studied patients, those who
had proteinuria underwent albumin creatinine (A/C) ratio. Patients
with abnormal A/C ratio (defined as having albuminuria above
30 mg/dl) are considered to have proteinuria as a marker of target
organ damage.6

Standard 12 lead ECG was done in all patients. Abnormalities as
arrhythmias, premature beats, ischemic heart disease, conduction
defects and left ventricular hypertrophy (LVH) were documented.
Criteria for LVH diagnosis with ECG were followed.7

Target organ damage (TOD) including; LVH, carotid bruit,
hypertensive retinopathy � grade II, peripheral arterial disease,
and clinical CVD (coronary heart disease, congestive heart failure)
were diagnosed, using the appropriate investigation, and were doc-
umented. Chronic renal disease was diagnosed when serum crea-
tinine was >1.3 mg/dl and/or when proteinuria was present.

All patients underwent 24-hour ABPM. ABPMwas conducted on
the patient’s non-dominant arm using Holter system Model DMS
300-4A8 with device set to measure the BP every half an hour in
daytime and every hour during the night, according to the patient’s
sleep and awake times. The patients were asked to continue per-
forming their normal routines but remain still during the measure-
ments. Blood pressure measurement performed for all patients on
all days of the working week. Average day, night, and 24-hour
blood pressure and pulse rate of patients were collected.
Dipping (i.e. nocturnal blood pressure fall) has been categorized
into four groups:(6) (a) normal dipping; where the ratio between
mean night systolic and mean day systolic is (0.8–0.9), (b) no dip-
ping; where the ratio is (0.9–1), (c) reverse dipping; the ratio is
more than 1 and (d) extreme dipping; the ratio is less than 0.8.

Valid ABPM recordings had to fulfill a series of pre-established
criteria, including successful recording of �80% of systolic BP
(SBP) and diastolic BP (DBP) during both the daytime and noctur-
nal periods, and at least one BP measurement per hour.

The primary aim is to detect the prevalence of MUCH which is
defined as:(6) normal office BP and, (a) mean awake ABPM read-
ings �135/85 and/or (b) mean night ABPM readings � 120/70
and/or (c) mean average 24H ABPM readings � 130/80.
2.1. Statistical analysis

Quantitative variables were expressed as mean and standard
deviation (SD), while qualitative variables were presented as num-
bers and percentages.

We divided the study patients into two groups; group 1 with
normal office and normal mean 24 h ABPM, (controlled HTN) and
group 2with normal office and elevated mean 24 h ABPM, (masked
uncontrolled HTN; MUCH).

We compared the two groups regarding demographics, risk fac-
tors, target organ damage and other parameters by means of Chi-
square/Fisher exact test for categorical data, and student t-test
for continuous data. Linear Regression analysis was used to detect
predictors of MUCH. All statistical tests were 2 sided, and we
judged a P-value of <0.05 to be significant. All analyses were car-
ried out using SPSS 20.
3. Results

Demographic and clinical characteristics of patients are demon-
strated in Table 1. Most patients were middle aged. About one third
had diabetes mellitus (DM) and one third were current heavy
cigarette smokers.

The data obtained from the Ambulatory BP analysis shows that
about two-thirds of patients had non-dipping or reversed dipping
patterns in nocturnal BP readings.

About one third of patients (n = 66, 33.2%) were diagnosed to
have MUCH, according to 24-hours ABPM readings. Taking only
day time ABPM, 54 (27.1%) patients had MUCH, while when using
only nighttime BP, 114 (57.2%) patients had MUCH. Nighttime
ABPM seems to cause greater impact on the high prevalence of
MUCH found in 24-hours average ABPM analysis. Diagnosis of
MUCH (in 24-hours average BP) is mainly due to combined eleva-
tion of both systolic and diastolic BP (48%) rather than elevated
only systolic (30.3%) or only diastolic (21.2%) blood pressures.

Characteristically, patients with MUCH had more prevalence of
cardiovascular risk factors; higher prevalence of DM, dyslipidemia,
heart failure, smoking and higher prevalence of positive family his-
tory of HTN and DM. They also had inadequate response to stand-
ing as compared to the controlled HTN group.

Both groups showed comparable results regarding the pre-
scribed antihypertensive medication, Fig. 1. The most frequently
prescribed anti-hypertensive drug, in both groups, was beta
blocker and the least prescribed was diuretic.

Laboratory workup of patients with MUCH is shown in Table 2.
No characteristic laboratory difference was found between the 2
groups.

Linear regression analysis showed that the most significant pre-
dictors of MUCH were smoking, DM, and a positive family history
of DM, Table 3.



Table 1
Clinical profile of patients with MUCH versus patients with controlled BP.

Variable Patients with MUCH (n = 66), No (%) Patients with controlled HTN (n = 133), No (%) P value

Gender, Male 40 (60.6) 54 (40.6) 0.008
Age, years (Mean ± SD) 53.5 ± 9.3 53.8 ± 10.5 0.8
Non-employed 22 (33.3) 63 (47.4) 0.06
Illiterate 13 (19.7) 37 (27.8) 0.21

Associated comorbidities 44 (66.7) 64 (48.1) 0.013
Diabetes mellitus 29 (43.9) 27 (20.3) <0.001
Dyslipidemia 11 (16.7) 9 (6.8) 0.029
Known CKD 8 (12.1) 6 (4.5) 0.048
CAD 6 (9.1) 14 (10.5) 0.8
History of stroke 4 (6.1) 5 (3.8) 0.5
Heart Failure 4 (6.1) 1 (0.8) 0.042
Smokers 30 (45.5) 26 (19.5) <0.001
Family history of HTN 56 (84.4) 77 (57.9) <0.001
Family history of DM 51 (77.3) 49 (36.8) <0.001
Abnormal ECG 27 (40.9) 35 (26.3) 0.04
Abnormal fundus examination (n = 176) 12 (19.7) 13 (11.3) 0.13
TOD 37 (56.1) 38 (28.6) <0.001

Mean ± SD Mean ± SD
BMI 32.2 ± 6,4 31.0 ± 7.0 0.2
Obesity, Kg. no (%) 37 (56.1) 58 (43.6) 0.2

Waist circumference; cm
Male 100.0 ± 8.9 98.7 ± 12.6 0.6
Female 103.3 ± 13.8 99.8 ± 14.9 0.3

Office BP measurements
Supine SBP 130.0 ± 6.9 128.5 ± 7.7 0.2
Supine DBP 80.9 ± 4.7 79.6 ± 5.4 0.1
Standing SBP 134.2 ± 8.4 129.8 ± 9.0 0.001
Standing DBP 85.1 ± 8.0 83.3 ± 7.1 0.1
Supine heart rate

ABPM measurements
Daytime average SBP 138.7 ± 9.5 121.0 ± 8.5 <0.001
Daytime average DBP 83.7 ± 8.0 71.4 ± 7.1 <0.001
Nighttime average SBP 130.6 ± 11.1 113.2 ± 10.0 <0.001
Nighttime average DBP 77.1 ± 9.1 65.0 ± 8.4 <0.001
24-hours average SBP 135.8 ± 8.4 118.6 ± 7.5 <0.001
24-hours average DBP 81.6 ± 6.9 69.6 ± 6.4 <0.001

Dipping category
Extreme dipping 2 (3.0) 1 (0.8) 0.3
Normal dipping 16 (24.2) 42 (31.6) 0.5
No dipping 34 (51.5) 67 (50.4) 0.9
Reversed dipping 14 (21.2) 23 (17.3) 0.5

BMI; Body mass index, BP; Blood pressure, CAD; Coronary artery disease, CKD; Chronic kidney disease, DBP; Diastolic blood pressure, DM; Diabetes mellitus, ECG;
Electrocardiogram, HTN; Hypertension, MUCH; Masked uncontrolled hypertension, SBP; Systolic blood pressure, TOD; Target organ damage.
Significant p values are marked in bold.
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Fig. 1. Percentage of prescribed antihypertensive drugs in both study groups.
MUCH; Masked uncontrolled hypertension; HTN; Hypertension, BB; Beta blockers, CCB;
Calcium channel blockers, ACEI; Angiotensin enzyme inhibitor, ARBs; Angiotensin
receptor blockers.

Table 2
Laboratory characteristics of MUCH patients versus controlled HTN patients.

Variable Patients with
MUCH
(n = 66), Mean ± SD

Patients with controlled
HTN (n = 133),
Mean ± SD

P
value

Serum
creatinine

1.1 ± 0.5 1.1 ± 1.0 0.8

Fasting blood
sugar

107.2 ± 30.8 100.6 ± 26.7 0.1

Total Cholesterol 172.0 ± 25.6 174.9 ± 34.2 0.6
LDL-Cholesterol 115.9 ± 21.9 114.2 ± 26.8 0.7
HDL-Cholesterol 46.9 ± 6.3 46.3 ± 8.8 0.7
Triglycerides 161.1 ± 32.0 154.8 ± 37.0 0.3
Uric acid 5.6 ± 1.3 6.4 ± 5.8 0.5
Serum

potassium
4.2 ± 0.4 4.2 ± 0.3 0.9

Hemoglobin 13.1 ± 1.1 13.3 ± 1.2 0.2

HDL; High density lipoprotein, HTN; Hypertension, LDL; Low density lipoprotein,
MUCH; Masked uncontrolled hypertension.
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Table 3
Regression analysis of the predictors of MUCH.

Variable Standardized Beta-
coefficient

P
value

Gender 0.039 0.638
DM 0.138 0.037
Dyslipidemia 0.056 0.404
CKD, diagnosed by elevated serum

creatinine level
0.010 0.882

History of heart failure 0.090 0.165
Family history of HTN 0.043 0.574
Family history of DM 0.252 0.001
Smoking 0.165 0.046
TOD 0.112 0.126
Standing systolic BP 0.184 0.004

BP; Blood Pressure, CKD; Chronic Kidney Disease, DM; Diabetes Mellitus, HTN;
Hypertension, TOD; Target Organ Damage.
Significant p values are marked in bold.
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4. Discussion

Hypertension (HTN) is a chief public-health problem challeng-
ing both economically developed and developing countries as it
is highly coupled with cardiovascular and kidney diseases.9 Data
from the Egyptian National Hypertension Project (NHP; 1993–
1995) showed that prevalence of HTN was 26.3% among Egyptian
adults. Awareness rate among Egyptians was 37.5% with 23.9% of
patients receiving anti-hypertensive medications and control rate
of only 8%.10

For several years, BP measurement in the clinic was the golden
standard for detection and diagnosis of clinical HTN and monitor-
ing the beneficial effect of anti-hypertensive medications. With the
introduction of ABPM and HBPM to clinical practice, new clinical
terms for describing HTN were introduced. One of the underscored
terms in clinical practice is MH which was first described by Pick-
ering in 2002.11 Despite the term was originally used for untreated
hypertensive persons, later periodicals used the term to refer to
patients with treated hypertension.12

The exact mechanism responsible for MH is not completely rec-
ognized. In order to understand the mechanism behind MH it was
postulated that it may be the result of reduced office BP and /or
increased ABPM. Lower office BP measurement may be due to
white coat effect which is the difference between office and out
of office BP and this effect is negative in patients with MH.13

Another reason that may attribute to lower office BP is the relation
between diagnostic labeling as hypertensive and office BP, as it was
found that the absence of diagnostic labeling as hypertensive was
found to be associated with lower office BP.14 Smoking, alcohol
consumption, physical activity and psychosocial factors (anxiety,
interpersonal conflict and job stress) may all contribute to increase
in ABPM.15

The prevalence of MH was reported to range from 8% to 49%
with tendency to be higher in treated hypertensive.16 This discrep-
ancy of MH prevalence is attributed to several factors as the char-
acteristic of the population studied (general population vs. clinic-
based population, treated HTN vs. HTN naïve, ethnic background)
and ABPM criteria used to define MH (day time BP vs. 24 h BP)
and the use of different BP thresholds for defining MH. Our study
which is a clinic-based study on patients with treated HTN showed
MUCH prevalence of 33.2%. In concordant to our results, the Span-
ish registry17 reported MUCH prevalence of 31.1% in Spanish
patients with treated HTN. Similar prevalence of MUCH in treated
HTN was reported by Pierdomenico et al.18 However, our results
were higher than that reported by SHEAF study 9.4%19 and J-
home study 19%20 both of which used HBPM rather than ABPM
for detection of MUCH.
Nighttime BP is known to be a strong predictor factor for total,
cardiovascular, stroke and cardiac mortality.21 Elevated night time
BP showed a great impact on the prevalence of MUCH in our study
as 57.3% of the patients proved to have MUCH using only nighttime
BP vs. 27.1% when only daytime BP was used. About 80% of patients
reported marked discomfort with the device especially at night and
they were awakened from sleep by cuff inflations. The resulting
disturbed sleep rhythm may have altered sympathetic activity
leading to nocturnal surge of BP.

Results from the Spanish registry17 showed lower prevalence of
nocturnal HTN (24.3% vs 57.3% in our study).

One of the findings of this study is that patients with MUCH
showed higher standing SBP compared to those with controlled
BP. An inverse relationship between BP response to standing
and the difference between clinic BP and daytime BP was docu-
mented before. Compared to patients with normal reaction to
standing, patients with increased reaction showed higher levels
of systolic and diastolic ABPM.22 Such data indicate that increased
reactivity to standing is predictive of higher ABPM and explain the
reason why patient with MUCH had higher standing SBP in our
study.

This study showed that patients with MUCH had high preva-
lence of cardiovascular risk factors and TOD which is concordant
to what reported by Pickering et al,23 the Spanish registry17 and
Japan home study20 which signifies the importance of early detec-
tion and treatment of patients with MH since such patients are at
increased risk of cardiovascular mortality and stroke.24 Whether
the high-risk profile is a consequent or merely an association to
MUCH is not yet known.

Using multivariate analysis, smoking, DM and family history of
DM were found to be the strongest predictor of MH in our study.
Bromfield et al25 also reported diabetes to be associated with a
higher prevalence of masked daytime and isolated nocturnal
uncontrolled hypertension among African Americans taking anti-
hypertensive medication in the Jackson Heart Study. The Spanish
registry17 showed that after multivariable adjustment, the odds
ratio for masked 24-hour uncontrolled hypertension associated
with diabetes taking antihypertensive medications was 1.25 (95%
CI = 1.14–1.37).
5. Limitations

This study has several limitations that we have to address. It
was performed on a small sample size of hypertensive patients
and a study on a larger number of patients from different
geographic regions across the country is needed to verify our find-
ings. Also, our study doesn’t reflect the general population as
patients were recruited from specialized HTN clinics and multi-
center population-based study may be required. The diagnosis of
MUCH was based on a single AMBP recording and would have
been better to repeat the ABPM to test the reproducibility of
MUCH diagnosis.
6. Conclusion

More than one third of patients showed MUCH despite appar-
ently well controlled office BP readings. Elevated nocturnal BP
was acting as a major determinant of the presence of MUCH, a find-
ing which cannot be detected by regular clinic measurements.
Patients with MUCH showed a higher constellation of traditional
cardiovascular risk factors and TOD, which imposes tight BP con-
trol in order to reduce future cardiovascular events. Our recom-
mendation is to suspect MUCH in apparently controlled HTN
patients with high risk profile and to order ABPM for these patients
for better evaluation and management of HTN.
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