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A b s t r act 

Background: Home blood pressure (HBP) measurement is 
considered to reflect BP during the day better than office 
BP (OBP). But in some patients HBP is higher than OBP. 
This is called masked hypertension (MH).
Objective: To examine whether MH occurs in healthy 
volunteers and apparently well-controlled hypertensives.
Methods: 57 treated hypertensive patients and 31 healthy 
volunteers (27/22 men) participated. Mean age (± SD) 
was 61 ± 13 and 29 ± 13 years, respectively. Patients were 
instructed to measure their BP twice daily for three days 
(3 readings each) with the Omron 705 CP device after at 
least 10 minutes rest in a comfortable sitting position. In 
the outpatient department, OBP was measured four times, 
in duplicate, every ten minutes by the physician using the 
same device and under similar conditions. 
Results: Mean HBP of the treated hypertensive group was 
146/84 ± 18/10 mmHg, significantly higher than OBP 
136/79 ± 19/10 (p<0.001). For the healthy volunteer group 
mean HBP was 123/70 ± 15/8) mmHg and the OBP was 
117/69 ± 16/10). Of 57 patients, 16 (28%) were classified 
as MH. The use of antihypertensive drugs was similar 
in the MH patients and the uncontrolled hypertensives. 
Logistic regression analysis showed that age tended to be a 
weak predictor for MH while gender, BMI and upper arm 
circumference were not.
Conclusion: This study demonstrates that MH occurs 
frequently in apparently well-controlled hypertensives, but 
not in healthy volunteers. However, in healthy volunteers 
HBP can be relevantly higher than OBP, although both 
values generally remain within the normotensive range.
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Int   r o d u ct  i o n 

It is well known that in many hypertensive patients blood 
pressure (BP) measured in the office by the physician (OBP) 
is not always representative for the average BP during the 
day and thus for cardiovascular risk.1 This discrepancy has 
become apparent with the increased availability and use 
of devices for measurement of the BP at home (HBP) or 
ambulatory blood pressure monitoring (ABPM). Patients 
with a normal BP at home but an increased OBP are known 
as patients with isolated office hypertension, also called 
white coat hypertension.2,3

In 1992, Pickering described the reverse condition: 
patients who have a normal OBP but are hypertensive 
at home.4 The prevalence of this phenomenon may be 
higher than expected. To date there is no consensus 
about the nomenclature for this condition. It has been 
called isolated home hypertension,3 isolated ambulatory 
hypertension,3 reversed white coat hypertension,5,6 masked 
hypertension,7,8 white coat normotension,9,10 inverse white 
coat hypertension11 and inverse white coat response.12 
Although Pickering originally used the term masked 
hypertension (MH) for untreated subjects, in most 
later publications8 the term MH is also used for treated 
hypertensives. Therefore, in the current study we use the 
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term MH to indicate that a doctor will miss this condition 
unless HBP or ABPM is performed as well as OBP. 
Most previous studies have focused on the prevalence of 
this condition in the general population or in untreated 
hypertensive patients. The present study was a pilot study 
to investigate if MH was, on the basis of OBP, present 
in healthy volunteers and in apparently well-controlled 
hypertensive patients.

P at  i ent   s  an  d  met   h o d s

The patient group existed of hypertensive subjects who 
visited the outpatient clinic of our University Medical 
Centre for regular control. All hypertensive patients had 
been on antihypertensive drug treatment for at least one 
year. They were accustomed to the BP measurement 
procedure. The control group existed of healthy volunteers. 
Patients with comorbidity such as diabetes mellitus, heart 
failure, acute/severe diseases or autonomic failure were 
not included in the study. Patients with an upper-arm 
circumference (UAC) smaller than 22 cm or larger than 48 
cm were also excluded. All patients gave written informed 
consent after being informed about the study. Body weight 
and height were measured to calculate body mass index 
(BMI).

Devices
HBP was measured by a validated automatic oscillometric 
blood pressure device, type Omron 705 CP, which is 
printer-equipped.13 The inflatable bladder of the cuff had 
to have a width of at least 40% and a length of at least 80% 
of the circumference halfway between the olecranon and 
acromion processes. In patients with an UAC of 22 to 32 
cm a normal bladder (24 x 13 cm) was used, whereas in 
patients with an UAC of 32 to 48 cm a larger bladder (36 x 
13 cm) was used. 

Study protocol
Patients were carefully instructed to measure BP twice daily 
(in the morning and in the evening) for three consecutive 
days and each measurement session consisted of three 
measurements. Thus in total, 18 HBP measurements were 
obtained. Each BP measurement was printed out and given 
to the doctor after the OBP measurement session. Patients 
were instructed to perform the BP measurements after 
sitting for ten minutes in a comfortable chair with arms 
resting on the armrest. The BP was always measured on 
the nondominant arm. The patients were asked to avoid 
talking, smoking and watching television. They were also 
instructed that BP measurements had to be taken after 
voiding and at least two hours after the meal. 
After the last HBP measurements, thus always following 
the HBP procedure, the patients visited the doctors office 

and after ten minutes resting in a sitting position with 
their arm on the armrest, OBP was measured twice on 
the nondominant arm with the same device that they 
used at home. OBP measurements were repeated after 
20, 30 and 40 minutes, resulting in a total of eight OBP 
measurements. These BP values were averaged and taken 
as the OBP for the individual patient. 
In addition, auscultatory BP was simultaneously measured 
by a standard mercury sphygmomanometer using a Y-
connector. This procedure was carried out to validate the 
Omron 705 CP according to the British Hypertension 
Society (BHS) criteria.14 Systolic BP (SBP) was taken at 
phase 1 of the Korotkoff sounds and diastolic BP (DBP) 
at phase 5 of the Korotkoff sounds. The simultaneous BP 
measurement (n=528 readings) of the Omron 705 CP and 
the sphygmomanometer with a Y-connector resulted in 
grade B for SBP and grade A for DBP (British Hypertension 
Society protocol).14

Data analysis
All results are presented as mean ± SD unless stated 
otherwise. 
Hypertension was defined as a BP of ≥140 and/or ≥90 
mmHg and a normal BP as <140 and <90 mmHg. All 
healthy volunteers and treated hypertensive patients were 
categorised as follows.
•	 Category 1: normotensive both in the office and at home 

(true normotension, TN or controlled hypertension, 
CH).

•	 Category 2: hypertensive both in the office and at home 
(true hypertension, TH or uncontrolled hypertension, 
UCH).

•	 Category 3: hypertensive in the office and normotensive 
at home (isolated office hypertension, IOH, or white 
coat hypertension).

•	 Category 4: normotensive in the office and hypertensive 
at home. This last category was defined as masked 
hypertension (MH).

Differences between OBP and HBP were tested by the 
paired Student t-test. The association between BP category 
and the following factors was analysed by logistic regression 
analysis: gender, BMI, UAC, age, BP and heart rate.

 
Re  s u l t s

The characteristics of the two groups are shown in table 1. 
Of the 57 hypertensive patients, 24 had an OBP ≥140 
and/or ≥90 mmHg. HBP was stable over the three days of 
measurement and the evening values were constantly lower 
than the morning values as shown in table 2. 
Of the 57 patients, 16 (28%) were classified as having MH 
as shown in table 3a. The OBP and HBP levels in the four 
groups are shown in table 4 for the treated hypertensives. 
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In the MH group, systolic HBP was 23.6 ± 13.6 mmHg 
and diastolic HBP was 14.5 ± 9.1 mmHg higher than the 
corresponding OBP. In 11 of these 16 patients systolic HBP 
was even >20 mmHg higher than systolic OBP (figure 1), 
while this was the case in four patients for diastolic HBP 
(figure 1). Using the official BP thresholds for definition of 
hypertension diagnosis based on home BP measurement 
of the guidelines committee of the 2003 European Society 
of Hypertension-European Society of Cardiology (ESH/
ESC):15 OBP <140 and <90 mmHg together with an 
HBP ≥135 and/or ≥85 mmHg, as many as 21 (37%) of the 
patients were classified as MH. In contrast, 20 patients 
(35%) were uncontrolled hypertensives since they were 
still hypertensive both at home and in the doctors office. 
Obviously, the differences between HBP and OBP were 
smaller in this group, with systolic HBP being 4.9 ± 
13.5 and diastolic HBP 2.1 ± 7.1 mmHg higher than the 
corresponding OBP. In only three of these 20 patients was 
the systolic HBP >20 mmHg higher than systolic OBP, 
and this was not seen at all in the diastolic HBP. In four 
patients both systolic and diastolic HBP were lower than 
the corresponding OBP and these subjects were classified 
as IOH. Seventeen of the 57 patients were normotensive 
both at home and in the office, thus called controlled 
hypertensives. Even in this subgroup mean HBP was 
higher than mean OBP (8.3 ± 9.0 and 2.8 ± 5.0 mmHg for 
systolic and diastolic BP, respectively).
The average number of antihypertensive drugs used in 
the treated hypertensive group was very similar for the 
four groups, as shown in table 5. The subgroups are small 
and despite this there were no relevant differences in the 
pharmacotherapeutic regimens between the MH and the 
UCH groups, but the CH group were on diuretics more 
often and ACE inhibitors less frequently than the UCH 
group. 
Logistic regression analysis showed that in this study age 
tended to be a weak predictor (B=0.07; p=0.06) for MH 
in treated hypertensives while gender, BMI and UAC were 
not. The mean age in the MH subgroup was nearly 17 years 
higher than that in the CH subgroup. 
The healthy volunteers group was classified as follows: 
no MH (by study definition), one IOH, two TH, whereas 
the remaining 28 subjects were TN, as shown in table 3b. 

Table 1. Baseline characteristics of both groups

Treated 
hypertensives

Healthy 
volunteers

Male/female 27/30 22/9

Body mass index (kg/m2) 28 ± 4.5 24 ± 4.3

Upper arm circumference (cm) 29 ± 2.6 27 ± 3.1

Age (years) 61 ± 13.3 29 ± 13.2

Office blood pressure (mmHg) 136/79 ± 19/10 117/69 ± 16/10

Heart rate (beats/min) 63 ± 10 67 ± 11

Home blood pressure (mmHg) 146/84 ± 18/10 123/70 ± 15/8

Heart rate (beats/min) 65 ± 8 66 ± 10

Mean ± SD are presented.

Table 2. The mean home systolic (SBP) and diastolic 
(DBP) blood pressure values in mmHg on the three 
measurement days

Day 1 Day 2 Day 3

SBP DBP SBP DBP SBP DBP

Treated hypertensives (n=57)

Morning 145 88 151 88 148 85

Evening 144 81 144 82 141 80

Healthy volunteers (n=31)

Morning 122 71 120 70 121 71

Evening 124 70 124 70 125 70

Each value is the mean of all blood pressure values that were measured 
at that time point.

Table 3a. Number of patients in each blood pressure 
(mmHg) category for the treated hypertensive group

OBP <140 and <90 OBP ≥140 and/or ≥90

HBP <140 and 
<90 

n=17 (controlled 
hypertension)

n=4 (isolated office 
hypertension)

HBP ≥140 and/or  
≥90 

n=16 (masked 
hypertension)

n=20 (uncontrolled 
hypertension)

OBP = office blood pressure; HBP = home blood pressure.

Table 3b. Number of patients in each blood pressure 
(mmHg ) category for the normotensive group

OBP <140 and <90 OBP ≥140 and/or ≥90

HBP <140 and  
<90 

n=28 (true 
normotension)

n=1 (isolated office 
hypertension)

HBP ≥140 and/or  
≥90 

n=0 (masked 
hypertension)

n=2 (true 
hypertension)

OBP = office blood pressure; HBP = home blood pressure.

Table 4. Blood pressure (mmHg) and heart rate (beats/min) in the four groups of treated hypertensives (mean ± SD)

Systolic Diastolic Heart rate

OBP HBP OBP HBP OBP HBP

Controlled hypertension 117 ± 11 126 ± 9 72 ± 7 75 ± 7 63 ± 7 65 ± 6

Uncontrolled hypertension 154 ± 15 159 ± 14 87 ± 9 89 ± 8 63 ± 11 65 ± 9

Isolated office hypertension 145 ± 4 134 ± 4 87 ± 10 79 ± 6 62 ± 4 63 ± 5

Masked hypertension 129 ± 9 153 ± 10 74 ± 7 89 ± 9 65 ± 13 65 ± 10

OBP = office blood pressure; HBP = home blood pressure.
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Using the above-mentioned ESH criteria two subjects in 
the healthy volunteers group were classified as MH. None 
of the normotensive subjects were taking antihypertensive 
drugs. Within the healthy volunteers, there were striking 
differences between HBP and OBP although mostly within 
the normotensive range (figure 1). 

D i s c u s s i o n

The present study demonstrates that in this small group of 
apparently well-controlled outpatient clinic hypertensives a 
relevant percentage (28%) turned out to have hypertension at 
home and normotension in the office. Applying the official 
ESH/ESC definition15 for the diagnosis hypertension based 
on home BP measurement, as many as 37% had MH.
It is difficult to compare our study with the literature 
because of inconsistencies in nomenclature and definitions. 
In addition, differences in methodology may account 
for disparity in results. BP was measured with the same 
device (tested according to the criteria of the BHS) both 
in the office and at home whereas in previous reports a 

conventional sphygmomanometer was used for the OBP 
measurement while in most studies another device was 
used for ABPM or HBP (self) measurement.3,6,8,10,11,16

Some but not all of the previous studies have reported that 
untreated patients with MH were older, more likely male, 
smokers, used alcohol and had higher BMI.6,9-11,17 In our study 
the MH patients were older but there were no differences in 
BMI, BP levels and heart rate. There were no differences in 
the average number of antihypertensive drugs used either. 
Since 1992, when Pickering et al.4 described MH for the 
first time, several studies have reported the existence of 
this phenomenon,3,5,7,9,10 and it has been suggested that the 
increased HBP values are due to an alerting response to the 
self-measurement procedure.12 Several arguments can be 
raised against this suggestion. First, in the present study 
the same device was used both in the office and at home 
and the HBP levels on the three measurement days did not 
show any decrease as a consequence of habituation to the 
measurement procedure. Secondly, heart rate levels in all 
four groups were similar in the office and at home. Finally 
Parati et al. showed that there was no alarm reaction with 
the use of noninvasive BP monitoring devices.18

Figure 1. Individual data of the differences between office (OBP) and home (HBP) systolic (left panel) and diastolic 
(right panel) blood pressure of treated hypertensives (black dot) and healthy volunteers (grey dot)
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Table 5. Classes of antihypertensive drugs used by the patients of the four groups of treated hypertensives

Beta-receptor 
antagonists (%)

Calcium 
antagonists (%)

Diuretics (%) ACE inhibitors 
and angiotensin-

II receptor 
antagonists (%)

Average numbers 
of antihypertensive 

drugs

Controlled hypertension 59 41 71 29 2.0

Uncontrolled hypertension 65 30 55 55 2.1

Isolated office hypertension 75 25 75 50 2.3

Masked hypertension 63 31 56 69 2.2

ACE = angiotensin converting enzyme inhibitors.
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What are the possible explanations for the rather high 
percentage of MH? In the first place there may be a 
pharmacological explanation consisting of two factors: 
poor medication compliance at home and medication 
intake just before visiting the outpatient clinic so that the 
peak effect is observed. Although we always use long-
acting medication to prevent compliance problems and 
we always carefully instruct and motivate our patients, we 
can not rule out this possibility. A second explanation is 
the possibility of differences in measurement conditions 
between office and home. Although the device was the 
same, BP was measured in the office four times, in 
duplicate, in the presence of the physician and the average 
was compared with the average of all home sessions on 
three consecutive days. However, if one looks at the four 
separate measurement sessions in the protocol, MH was 
present in 11 to 16 patients (19 to 28%), although not in the 
same patients in every session. As could be expected the 
frequency of MH was lowest in the first session, although 
still 19%. On the other hand the presence of the physician 
increases rather than decreases BP. A third explanation 
may be that nervous and/or older patients are less familiar 
with this type of technical procedure and measure a higher 
HBP due to a kind of stress. 
In contrast to previous studies, this is one of the few reports 
that studied MH in treated hypertensives. In a recent 
retrospective study, Bobrie et al.19 reported that in his study 
group of treated elderly hypertensives the prevalence of MH 
was 10.8%. In a prospective follow-up study8 of 3.2 years they 
show that the MH group had the same risk for cardiovascular 
events as treated but insufficiently controlled hypertensives.
A pivotal question pertains to whether MH carries a 
worse prognosis in terms of target organ damage than the 
patients whose BP is in the normotensive range both in 
the office and at home. It is generally accepted that HBP 
values measured by ABPM are superior to OBP values in 
predicting target organ damage.5,11,20,21 If risk assessment 
is only based on OBP values in MH patients, the real risk 
is underestimated, as shown by the recent study of Bobrie 
et al.8 In that study the cardiovascular mortality in the MH 
group was similar to that in the uncontrolled hypertensives 
and much higher than both in the isolated office or white 
coat hypertension group and in the controlled hypertension 
group. In earlier studies Liu et al.10 and Sega et al.3 showed 
that left ventricular mass index and wall thickness in 
patients with MH were close to that in the uncontrolled 
hypertension group and differed significantly from that in 
controlled hypertension group. Björklund et al.16 showed 
in a longitudinal study that the multivariate hazard ratio 
for cardiovascular morbidity in the MH group was 2.74, 
while this was 3.14 in the uncontrolled hypertension group 
and 0.99 per 100 person-years at risk in the controlled 
hypertensives. So at this stage, it cannot be stated that 
MH is harmless. However, there are no studies about the 
reproducibility of MH, yet.

Of course our small study also has limitations. The protocol 
with the BP measurement procedure with four sessions of 
two readings, each time after a ten-minute rest period, is 
unusual in daily practice. The fixed sequence i.e. always 
the HBP first followed by the OBP may be considered a 
limitation. On the other hand, the whole protocol in all 88 
subjects was performed by only one trained observer (I.A.), 
using the same automatic device for the OBP as used by the 
subjects for the HBP, thus without observer bias. 
In conclusion, according to this pilot study, one should be 
aware that a substantial number of the apparently well-
controlled hypertensives are still hypertensive at home. 
Therefore, without HBP measurements this condition 
may escape the physician’s attention. However, data about 
reproducibility and about the prognostic significance of 
MH are still needed. 
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A BOU   T  T H E  C OV  E R

‘Ga een vis vangen’

Els Maasson

Els Maasson studied at the Royal Academy 
of Visual Arts in The Hague from 1987 
to 1992 and regularly exhibits her work 
throughout the Netherlands but also in 
Belgium, Japan, France and Portugal.
In recent years, Els has increasingly applied 
herself to the graphic technique of etching, 
linocutting and relief lithography. These 
techniques suit her the best for making her modern 
emblems; animal symbolic and text are the predominant 
themes in her work. 
Els has developed her own style which, in an ironic way, 
plays with the suggestion of clumsiness. Using this, she 
talks to or rather sings to the animals in her prints. 
She writes the texts for her prints herself. While writing, 
she lets herself be carried away by her fantasy into the 
dream world of animals. She looks at which characteristics 
of animals she would like to process herself, and shows 
these characteristics in her prints. The themes of humour, 
desire and love play an important role here. The use of 

text in her illustrative work also emphases 
the effect that the prints start to resemble 
illustrations from old picture books. 
 ‘The animal theme has become an integral 
part of my prints. I love animals as figures 
and shapes, but also as a personification of 
what lives in me, what I long for, what I love 
and the way in which I associate.’ 

The print ‘Ga een vis vangen’ was inspired by the following 
story from the bible: In front of the gates of the city of 

Capernaum, on the banks of the Sea of Galilee, tax collectors 

demanded the temple tax from the followers of Jesus (Matthew 

17:24-27). Jesus said to Peter that he should go to the sea and 

catch a fish. In the fish’s mouth he would find a silver piece 

with which he could pay the tax.

An original of this print is available at a price of v 200 and 
can be ordered from Galerie Unita, Rijksstraatweg 109, 
6573 CK  Beek-Ubbergen, the Netherlands or by e-mail: 
Galerie-unita@planet.nl or www.galerie-unita.com.




