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Hy p er tens i on  i s  th e  b i g g e st 
contributor to the global burden 
of disease and to global mortality 
and morbidity.1 It is estimated 

to contribute to more than nine million deaths 
per year worldwide.2 In spite of the significant 
improvement in the management of hypertension 
in many countries, the level of control is still 
suboptimal. A recent study from England 
showed that in 2011, hypertension control was 
only achieved in 37% of patients.3 Lifestyle 
modifications and pharmacological intervention 
are the corner stone in the control of hypertension 
and other related cardiometabolic disorders.4 
Accurate diagnosis of persistent hypertension and 
proper selection of  hypertensive patients who will 
obtain the highest benefit from antihypertensive 
medications from those who will not (and might 

therefore be harmed) is vital. Ambulatory blood 
pressure monitoring (ABPM) is now gaining 
strong recommendations worldwide for its use 
in clinical practice.5-7 The National Institute for 
Health and Clinical Excellence (NICE) in the UK 
recommended that ABPM should be offered for 
all people expected to have high blood pressure.8

The most common indication for performing 
ABPM, as recommended by all international 
guidelines, is to identify patients with white coat 
phenomenon (white coat hypertension or white 
coat effect).4,7 White coat hypertension (WCH) is 
diagnosed when untreated patients have high blood 
pressure (BP) readings in the office (>140/90mmHg) 
but normal readings during usual daily activities 
outside the clinical setting. Using the awake 
ambulatory period in the ABPM, the BP should be 
<135/85mmHg for the diagnosis of WCH.6
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A B S T R AC T
Objectives: Our study aimed to estimate the rate of white coat hypertension (WCH) and effect, 
and masked hypertension in patients attending a tertiary care hospital for 24 hour ambulatory 
blood pressure monitoring (24-h ABPM).  Methods: A total of 231 adult patients were referred 
to the Department of Clinical Physiology at Sultan Qaboos University Hospital, Muscat, for 
ABPM, between January 2010 and June 2012. The following data were gathered and analyzed: 
demographic data, clinic blood pressure (BP) measurements, and 24-h BP profile from ABPM. 
Thirty-two patients were excluded and the final analysis included 199 patients.  Results: There 
were 105 (52.8%) women and 94 (47.2%) men studied. The mean age of patients was 46±15 
years and most patients were overweight with a mean BMI of 29.6±5kg/m2. Around half of 
patients (53.8%) were on one or more antihypertensive medications. WCH was found in 10.6% 
and white coat effect was found in 16% of patients. The majority of patients (57%) with WCH 
were aged 40 years or above. Masked hypertension was present in 6% of patients and masked 
uncontrolled hypertension in 8.5% of patients.  Conclusions: Our study showed that WCH and 
effect, and masked hypertension are common in hypertensive patients. Identifying these patients 
will have an impact on their management. However, the results of the study should be interpreted 
within the context of its limitations. Prospective randomized community and hospital-based 
studies should be conducted to estimate the true prevalence in the general population as well as 
in hypertensive patients.
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The prevalence of WCH varies from 15% to 30% 
worldwide.9 It occurs more frequently in women, 
older patients, non-smokers, pregnant women, and 
those without evidence of target organ damage.9-11 
Available data suggests that the risk of developing 
sustained hypertension over a period of five to 10 
years is greater in subjects with WCH.12 

Identification of the white coat effect (WCE), 
on the other hand, occurs when the office BP 
is markedly higher than the awake ABPM6 and 
it includes untreated and treated hypertensive 
patients. However, to be clinically important, it 
was suggested that the office systolic or diastolic BP 
should be 20mmHg or 10mmHg greater than the 
awake ABPM, respectively.6 WCE is a recognizable 
cause of false resistant hypertension and is often a 
misleading cause for the severity of hypertension 
leading to the prescription of unnecessary 
medications.

Masked hypertension is commonly defined as 
the presence of a normal office BP (<140/90mmHg) 
with an elevated awake mean BP on ABPM 
(≥135/85mmHg ).13 This definition excluded 
patients who have normal awake BP but have high 
nocturnal BP. Therefore, it was suggested that a 
mean 24-h BP value ≥130/80mmHg in ABPM 
should be used to incorporate subjects with 
nocturnal hypertension.13 For treated hypertensive 
patients with normal office BP, but persistently 
elevated ABPM, the term masked uncontrolled 
hypertension is considered to be more appropriate.13 

It is a challenging task to suspect subjects 
with masked/masked uncontrolled hypertension. 
Recent evidence suggested that masked/masked 
uncontrolled hypertension is more common in 
subjects with high cardiovascular risk, those with 
obstructive sleep apnea and in subjects with normal/
high office BP with asymptomatic organ damage.12 
The prevalence of masked hypertension varies from 
8.5–30.4% due to the variation in the definition 
of masked hypertension and the characteristics 
and types of populations across studies.12 In a 
recent study, masked uncontrolled hypertension 
was identified in 31% of treated patients who had 
controlled office BP readings.13

To the best of our knowledge, there was no 
study that evaluated WCH and/or WCE, or 
masked hypertension in the treated or untreated 
Omani population. Therefore, our study aimed to 
estimate the magnitude of the WCH/WCE and 

masked hypertension in patients attending Sultan 
Qaboos University Hospital (SQUH) for 24-
hour ambulatory blood pressure monitoring (24-h 
ABPM).

M ET H O D S
This retrospective study included patients attending 
the Department of Clinical Physiology at SQUH 
between January 2010 and June 2012 who were 
referred for 24-h ABPM. All ABPM recordings of 
adult subjects over 18 years old during this period were 
reviewed and analyzed.

The ABPM recording was performed using the 
auscultatory mode of the validated Schiller BR-102 
plus (Schiller AG, Switzerland). The ABPM monitor 
cuff was wrapped around the patient’s non-dominant 
arm between 8:00 and 12:00 hours for a period of 24 
hours. It was set automatically to measure and record 
blood pressure every 30 minutes during the active/
awake period and every 60 minutes during the sleep/
rest period. During the waking period all patients 
recorded their activities in a dairy. Only ABPM that 
had at least one reading every hour during the active 
and resting period were included in the study. The 
hospital information system was used to obtain the 
demographic and clinical data as well as the office BP 
readings. The office BP measurements were carried out 
by a dedicated nurse using a calibrated, automated BP 
machine (Datascope Trio, China) after five minutes of 
rest in a sitting position. The average awake/daytime 
BP readings in the ABPM were used to identify 
patients with WCH, WCE, or masked hypertension 
as follows: untreated subjects with elevated office BP 
(≥140mmHg systolic and/or ≥90mmHg diastolic) 
with a normal BP (<135mmHg systolic and 
<85mmHg diastolic) in the daytime on ABPM were 
considered to have WCH. Treated patients with an 
office systolic or diastolic BP 20mmHg or 10mmHg 
greater than the mean daytime readings on ABPM 
were considered to have WCE.

Masked hypertension and masked uncontrolled 
hypertension were diagnosed in the presence of a 
normal office BP of <140/90mmHg with elevated 
daytime BP of ≥135/85mmHg on ABPM in untreated 
and treated patents, respectively.

Our study was approved by the Medical Research 
Ethics Committee of the College of Medicine and Health 
Sciences, Sultan Qaboos University, and conducted 
according to principles of the Helsinki Declaration.
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Statistical analyses were performed using SPSS, 
version 19. Descriptive statistics were used to describe 
subjects’ data. For categorical variables, frequencies and 
percentages were reported. For continuous variables, 
mean and standard deviation (SD) were presented.

R E S U LTS
A total of 231 ABPM reports were analyzed. Thirty-
two reports were excluded because 25 subjects 
had an invalid number of BP readings and seven 
subjects were below the age of 18. A total of 199 
reports were included in the analysis. There were 
105 (52.8%) women and 94 (47.2%) men. Around 
half of the patients (53.8%) were on one or more 
antihypertensive medications. Table 1 summarizes 
the demographic and clinical characteristics of the 
patients. The mean age was 46±15 years and most 
of the patients were overweight with mean BMI 
of 29.6±5kg/m2. Table 2 shows the distribution of 
patients according to BP differences (office vs. active/
daytime ABPM). Thirty-four percent of patients had 
normal BP readings and 24% had high BP readings 
both in the office and using ABPM in treated and 
untreated patients.

WCH was found in 10.6% of patients and 
WCE in 16% of patients. The majority of patients 
(57%) with WCH were aged 40 years or above 
[Figure 1]. In contrast, WCE was more common in 
patients aged 60 years or more [Figure 2]. Patients 
with masked hypertension were 6% and those with 
masked uncontrolled hypertension were 8.5%.

Table 2: Distribution of subjects according to 
blood pressure difference (office vs. average active/
daytime ambulatory blood pressure monitoring).

Blood pressure status n (%)

Normotensive 68 (34.2)

Persistent hypertension 49 (24.6)

WCH 21 (10.6)
WCE 32 (16)
Masked hypertension 12 (6)

Masked uncontrolled hypertension 17 (8.5)

WCH= white coat hypertension; WCE=white coat effect.

Table 1: Demographic and blood pressure values of 
patients (n=199).

Variable Mean±SD

Age, years 46±15

BMI, kg/m2 29.6±5

Office SBP, mmHg 146±24

Office DBP, mmHg 84±14

Average active SBP, mmHg 136±15

Average active DBP, mmHg 82±10

Average resting SBP, mmHg 127±17

Average resting DBP, mmHg 75±11

Average 24-h SBP, mmHg 133±15

Average 24-h DBP, mmHg 80±10

Data are means±standard deviation; BMI=body mass index;  
SBP=systolic blood pressure; DBP=diastolic blood pressure.
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Figure 2: Distribution of patients with white coat 
effect (WCE) according to age, 47% of subjects were 
aged ≥60 years.
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Figure 1: Distribution of subjects with white 
coat hypertension (WCH) according to age. The 
majority (57%) of subjects were aged ≤40 years.
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D I S C U S S I O N
This study was proposed to evaluate the magnitude 
of WCH, WCE and masked/masked uncontrolled 
hypertension in patients referred for ABPM. It 
showed that 26.6% of those patients had WCH/
WCE and 14.5% had masked/masked uncontrolled 
hypertension. White coat phenomenon, which 
includes WCH and WCE, is not uncommon in 
clinical practice.9 Identifying such conditions is critical 
to avoid subjecting individuals to lifelong unnecessary 
antihypertensive medications and to have appropriate 
plans for patients requiring follow-up. Although 
there is no convincing evidence for pharmacological 
treatment for WCH, several studies showed that 
patients with WCH are at higher risk of developing 
sustained hypertension and to be associated with 
target organ damage.12 It was also shown that WCH 
carries a higher risk for cardiovascular mortality 
than prehypertension.14 Patients referred for ABPM 
to the Department of Clinical Physiology, SQUH, 
came from primary care clinics as well as specialized 
hypertension, cardiolog y, endocrinolog y, and 
nephrology clinics. Therefore, the subjects included 
in our study provided a good representation of the 
hypertensive population. 

Our study showed that 10% of subjects had 
WCH with an office BP of ≥140/90mmHg and an 
active/awake BP in ABPM of <135/85mmHg. The 
majority of patients were aged 40 years or less. In a 
previous study by Farhan et al,15 suspected WCH 
was an indication for a request of APBM in 10.6% 
of referred patients. However, the aim of their study 
was to evaluate the use of ABPM in risk assessment 
and management of hypertensive patients, and there 
was no intention to identify the magnitude of WCH. 

The rate of WCH in our study is slightly lower than 
the prevalence reported in other studies which ranged 
from 15–30%.9 Nevertheless, the term WCH and 
WCE were used interchangeably in the literature and 
many of the studies actually reported the prevalence of 
both WCH and WCE together, therefore the rate of 
white coat phenomenon in our study would be 26.6% 
and this is in agreement with previously reported 
values. Contrary to other studies that showed that 
WCH was common in older patients, our study 
indicated that WCH was more common in younger 
subjects. This could be attributed to selection bias, as 
physicians tend to request APBM for younger patients 
more than older patients before starting them on  
antihypertensive medication. 

In contrast to other studies, in our study WCE 
was more common in older patients. However, as 
the sample size in our groups was small our results 
should be interpreted with caution.

Several lines of evidence, including meta-
analyses, showed that patients with masked 
hypertension had a similar or even higher risk of 
cardiovascular events as patients with sustained 
hypertension. We used the awake ABPM to 
identif y patients with masked hypertension 
because it is the most widely used and accepted 
method.12,13 Other studies suggested mean 24-h 
ABPM as an alternative.12,13 

Based on awake APBM definition, masked 
hypertension/masked untreated hypertension 
were identified in 14.6% of our studied population. 
This may have underestimated the correct rate, as 
some patients may have only nocturnal high BP, 
which we did not consider in our study, and we 
used only daytime ABMP data. The prevalence of 
masked hypertension varies between studies based 
on whether individuals are taking antihypertensive 
medications. In other words, studies reporting 
the prevalence of masked and masked untreated 
hypertension as one entity. The prevalence of 
masked hypertension varies in studies from 8.5% 
to 30.4%. This is mainly due to the heterogeneity 
in the definition used in the studies.12 In studies 
using a similar definition and cut off values for 
awake BP that we used in our study, the prevalence 
ranged from 12% to 19.7% which is very close to 
our findings.16 Unlike WCH, masked hypertension 
is not a common indication for requesting ABPM. 
The exact indication for requesting ABPM in our 
study was not investigated. However, we could 
speculate that those patients had target organs 
damage, hypotensive symptoms, or BP variability. 
A significant number of those patients might 
have had obstructive sleep apnea and ABPM was 
requested to exclude nocturnal hypertension, 
which is common in this condition.17

The results of our study should be interpreted 
within the context of its limitations. The sample 
size was relatively small and the number of 
subjects in the different age groups was also small. 
Subjects included in the study were those referred 
for ABPM  and although it included patients 
from primary care clinics our finding should 
not be extrapolated to reflect the prevalence in 
general population. Additionally, the diagnosis of 
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WCH as well as masked hypertension was based 
on one set of ABPM findings. Recent guidelines 
recommend repeating ABPM after three to six 
months in order to confirm its diagnosis.5

C O N C LU S I O N
White coat hypertension/effect is common in 
clinical practice. Identifying patients with this 
condition would prevent subjecting them to 
unnecessary lifelong medications with potential 
side effects. It would detect patients with pseudo-
resistant hypertension and, therefore, reduce extra 
drugs and investigations. On the other hand, 
detecting patients with masked hypertension/
masked uncontrolled hypertension would protect 
them from cardiovascular events that may result due 
to the lack of optimal BP control. This study reports 
the extent of these conditions and highlights their 
importance. However, the results of this study should 
be interpreted within the context of its limitations. 
Prospective randomized community and hospital-
based studies should be conducted to estimate the 
true prevalence in the general population as well as 
in hypertensive patients.
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